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(54) Title: POLYAM]DBIMIDESILOXANB HOT MELT ADHESIVE

(57) Abstract

A solution of a hot melt adhesive which comprises an organic solvent and a fully imidized polyamideimidesiloxane is disclosed
wherein 0.5 to 30 mole% of the dianhydride or diamine monomers are siloxane containing monomess. Up to 50 mole% of the diamine
monomer is aliphatic diamine that contains neither siloxane groups nor amide linkages and 40 to 99 mole% is aromatic diamine that does
not contain siloxane groups. The aromatic diamine is (1) 20 to 100 mole% unsymmetrical aromatic diamine having at least two aromatic

rings, two amine groups on different aromatic rings,

and contains an amide linkage in the chain and (2) up to 50 mole% of aromatic

diamine that contains neither siloxane groups nor amide linkages. A tape can be made from the solutions and an article can be attached to

a substrate by applying the tape to the substrate or the article.




According to a first aspect of this invention there is provided a solution
of a -hot nelt adhesive conprising (n an organi c solvent; and
(A - a wbdb/39286ri di zed pol yam dei m desi oxane whi ch conpri PEI/GBAN/03719
AVENDED SHEET | a reacti on product of

di anhydri de nononer wi th di am ne nonomner where (A) about 0.5 to about
30 nol e% of said nononers contain %i | oxane groups and are sil oxane
di anhydri des having the

POLYAMIDEIMIDESILOXANE HOT MELT ADHESIVE

This invention relates to a polyamideimidesiloxane and to its use as a hot

melt adhesive.

Polyamideimidesiloxanes have been disclosed for use as hot melt adhesives
for microelectronic aésembly. A solution is formed of the polyamic acid precursor,
the solution is applied to a substrate, the solvent is evaporated, and the polyamic

acid is imidized on the substrate.

According to a first aspect of this invention there is provided a solution of a
hot melt adhesive comprising
I an orgé:ﬁc.solvent; and
(II) a fully imidized polyamideimidesiloxane which comprises the
reaction product of dianhydride monomer with diamine monomer,
where
(A) about 0.5 to about 30 mole% of said monomers contain

_—— siloxane groups and are siloxane dianhydrides having the
cet Has Been Replaced
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or siloxane diamines having the general formula

T
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or mixtures thereof, where R, R;, and R, are mono, di, and
triradicals, respectively, each independently selected from a
substituted or unsubstituted 1 to 12 carbon atom aliphatic
group or a substituted or unsubstituted 6 to 10 carbon atom
aromatic group, and m is 1 to 200; )

(B) up to about 50 mole%, based on said diamine monomer, of

aliphatic diamine that contains neither siloxane groups nor

amide linkages; and



general fornula [err] or siloxane dianrines
havi ng' t he general formul a [err] or m xtures

t her eof , wahewx23decrr] are nono, di, and t r i peficBode3719

respectively, each independently selecged froma

substituted or unsubstituted 1 to 12 carbon atom ali phatic

group or a substituted or unsubstituted 6 to 10 carbon atom

aronatic group, and mis 1 to 200; (B) up to about 50 nole%
based on said di am ne nononer, of al i phatic diam-ne that

contains neither si k@j( ANGbIu 40 to 45Sut 99 mole%, based on said diamine monomer,

of aromatic diamine that does not contain siloxane groups,

selected from the group consisting of

(1)  about 20 to about 100 mole%, based on said aromatic
diamine, of unsymmetrical aromatic diamine that has at
least two aromatic rings, two amine groups on different
aromatic rings, and contains at least one amide linkage
in its chain; and

(2) uptoabout 50 mole%, based on said aromatic diamine,
of aromatic diamine that contains neither siloxane

groups nor amide linkages.

The invention also provides a method of making a tape comprising forming

a coating by applying a solution according to the first aspect of the invention to a

film and evaporating said organic solvent from said solution.
The film may be a release film and the coating may be removed from the
release film. The coating may be about 15 to about 50 ym thick. The solution may

be applied to both sides of the film producing a three-layered tape.

Thus the invention provides a method of attaching an article to a substrate



am de |inkages; and 3

(C© about 40 to about 99 nol e% based on said di am ne nononer,

of aronatWQ@oesR8é ne t hat does not contain sil oxane groups, PCT/GB99/03719

sel ected fromthe group consisting o{ (1) about 20 to
about 100 nol e% based on said aromatic

di am ne, of unsymmetrical aromatic diam ne that has at

| east two aromatic rings, two am ne groups on different

aromatic rings, and contains at |east one am de |inkage

in its chall.f : : . . te: | £9 d on
said ar ongp ﬁlg ar ;}aé:,m g said article or said g@sﬁatéjagﬁiﬂgfgggosﬁge? Pg%dlﬁ m'lggaghat
cont ai ns neither siloxane . . . _ roups_nor amnde,

| i nkages. according to the-methad desssibgd dmmediptely abaverchaabingosaidriapaabove pe
conprising formng a coating by applying a solution according to the first
aspect of shftening\isuiht, @Adpressing said substrate or said article, respectively, against the

other side of the tape.

This invention also provides a solution of a hot melt adhesive comprising

(D  an organic solvent; and

(I) about 10 to about 40 wt% of a fully imidized

polyamideimidesiloxane which comprises the reaction product of

(A) dianhydride selected from the group consisting of 4,4'-
oxydiphthalic anhydride, bisphenol A dianhydride, and

mixtures thereof; and
(B) diamine which comprises
(1)  about 1 to about 20 mole%, based on moles of

monomer, of siloxane diamine having the general

formula



fi'lmand evaporating said organic solvent fromsaid solution. The
filmmay be a release filmand the coating may be renoved fromthe release

film Theoweabiasg may be about 15 to about 50 [err] mthi ckpcTaBosed7aes i on
may be applied to both sides of thesfil mproducing a three-|ayered tape.
Thus the invention provides a nethod of attaching an article to a substrate
4 conprising placing said article or said substrate agai nst one side of
a tape made according to the nmethod described i nmedi ately above, heating
said tape above its softening point, and pressing said substrate or said
article, respectively, against the other side of the tape. Thi s

i nvention also provides a solution of a hot nelt adhesive conprising

() an organi c solvent; and

where R is alkyl from C, to Cy4, R, is alkylene from C,

t0o Cy, and mis 1 to 12; and

(2) about 80 to about 99 mole%, based on total diamine
monomer, of aromatic diamine selected from the group
consisting of  3,3’-diaminobenzanilide, 4,3-
diaminobenzanilide, 3,4’-diaminobenzanilide, and

mixtures thereof.

Additionally the invention provides a solution of a hot melt adhesive

comprising



(11) about. 10 to about 40 w% of a fully inidized
pol yam dei m desi | oxane whi ch conpri ses the reaction product of
(A) di ¥P9UIN3e sel ected from the group consisting of 4PGI/GBI/03719
oxydi pht hal i ¢ anhydride, bisphenol @ di anhydride, and .
m xtures thereof; and (B) diamne which conprises
(1) about I to about 20 nol e% based on nol es of .
nononer, of siloxane di am ne having the general ' formul a
5
(@  an organic solvent selected from the group consisting of N-methyl
pyrrolidinone, dimethylacetamide, dimethyl formamide, and

tetrahydrofuran;

() about 20 to about 30 wt% of a fully imidized

polyamideimidesiloxane which comprises the reaction product of

(A) a dianhydride selected from the group consisting of 4,4'-
oxydiphthalic anhydride, bisphenol A dianhydride, and

mixtures thereof; and_
(B) diamine which comprises
(1) about 1 to about 20 mole%, based on moles of

monomer, of siloxane diamine having the general

formula; and



[err] where Ris alkyl from[err] is alkylene
from[err to (Jerr],andms | to 12; and

(2)" -~ abwotooB62360 about 99 nol e% based on total diam ne pcrT/GB99/03719
monomer, of aromatic diamine selectedZfromthe group

consi sting of 3, 3" -di am nobenzani |l i de, 4,3 -
di am nobenzanilide, 3,4'-diam nobenzanilide, and .
m xtures thereof. Additionally the invention provides a solution of a

hot nmelt adhesive conprising

P
BN-(CH)sy— S'i—O" S!i—(CHz)3 - NH,
B Oh

(2) about 80 to about 99 mole%, based on diamine monomer, of
aromatic diamine selected from the group consisting of 3,3’-
diaminobenzanilide, 3,4’-diaminobenzanilide, 4,3’-

diaminobenzanilide, and mixtures thereof.

An eXc_:ellent adhestve for bonding microelectronic components can be made
from a polyamideimidesiloxane, where the aromatic diamine that forms the amide
linkages is unsymmetrical. In the adhesive of this invention a solution is formed of
a fully imidized polyamideimidesiloxane so that very little imidization occurs on
the substrate - there is no imidization step on the assembly line. The adhesive of

this invention may form a good fillet around components pressed into it.



6 (I'). an organic solvent selected fromthe group consisting of
N- et hyl pyrrolidinone, dinethylacetamide, dinethyl formam de, and
t et r ahy GVODOPRIS (11) about 20 to about 30 w % PST/GBIYOBAI v
i mdized pol yam dei m desi | oxane whi ch conprises the reaction product
of (A) a dianhydride selected fromthe group consisting of 4,4'-
oxydi pht hal i ¢ anhydride, bisphenol A diaghydride, and m xtures -
t hereof ; and (B) diam ne which conprises (1)
about 1 to about T prifeated potyanideimidesiloréne of this invention is thermeaction , of
si | oxane di am ne having the general formul a; and
product of a dianhydride monomer with a primary diamine monomer. Any
dianhydride or combination of dianhydrides can be used as the dianhydride
monomer, although aromatic dianhydrides are preferred as they give superior
properties. Examples of suitable dianhydrides include:
1,2,5,6-naphthalene tetracarboxylic dianhydride;
1,4,5,8-naphthalene tetracarboxylic dianhydride;
2,3,6,7-naphthalene tetracarboxylic dianhydride;
2-(3',4'-dicarboxyphenyl) 5,6-dicarboxybenzimidazole
dianhydride;
2-(3',4'-dicarboxyphenyl) 5,6-dicarboxybenzoxazole
dianhydnide;
2-(3',4'-dicarboxyphenyl) 5,6-dicarboxybenzothiazole
dianhydride;
2,2',3,3"-benzophenone tetracarboxylic dianhydride;
2,3,3',4'-benzophenone tetracarboxylic dianhydride;
3,3',4,4'-benzophenone tetracarboxylic dianhydride (BTDA);
2,2',3,3"-biphenyl tetracarboxylic dianhydride;
2,3,3',4'-biphenyl tetracarboxylic dianhydride;
3,3',4,4'-biphenyl tetracarboxylic dianhydride (BPDA);

bicyclo-[2,2,2]-octen-(7)-2,3,5,6-tetracarboxylic-2,3,5,6-



[err] (2) about 80 to about 99 nol e% based on di am ne

nononer, of aromati c diam ne selected fromthe group

consi st | W@ Q9392363 - di ami nobenzani | i de, PCT/GB99/03719

3, 4' -di am nobenzani |l i de, 4,3 - di am nobenzani |l i de, and
m xtures thereof. An excel | ent adhesive for bonding

m croel ectroni c conponents can be made fgom a pol yam dei m desi | oxane,
where the aromatic diarnine that forns the am de |inkages is

unsynmmet ri cal . | ndinhkydridessi ve of this invention a solution is forned of a

fully imdized pol yam dei m desi | oxane so that very little imdization
occurs ON  thio-diphthalic anhydride;

bis(3,4-dicarboxyphenyl) sulfone dianhydride;
- bis(3,4-dicarboxyphenyl) sulfoxide dianhydride;
bis(3,4-dicarboxyphenyl oxadiazole-1,3,4) paraphenylene
dianhydride;
bis(3,4-dicarboxyphenyl) 2,5-oxadiazole 1,3,4-dianhydride;
bis[2,5-(3',4"-dicarboxydiphenylether)] 1,3,4-oxadiazole
dianhydride;
bis(3,4-dicarboxyphenyl) ether dianhydride or 4,4'-
oxydiphthalic anhydﬁde (ODPA);
bis(3,4-dicarboxyphenyl) thioether dian'hydn'd_t;_;
ethylenel glycol bis(anhydro-trimellitate);
5,5'(1-
methylethylidene)bis(1,3-isobenzofurandione)or 4,4'[isopropylidene
bis(p-phenyleneoxy)]diphthalic anhydride or bisphenol A dianhydride
(BPADA);
bisphenol S dianhydride;
2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane dianhydride
or 5,5-[2,2,2-trifluoro-1-(trifluoromethyl)ethylidene]

bis(1,3-isobenzofurandione) (6FDA);



the substrate - there is no imdization step on the assenbly line. The
adhesive of this invention may forma good fillet around conponents

pr essedwiortins9136 . WD 00/ 39236 PCT/GB99/03719

PCT/ GB99/ 03719 8 The
preferred pol yam dei m desil oxane of this invention is the reaction

product of a dianhydride nononmer with a |mary di am ne nononer. Any

di anhydri de or conbi nati on of di anhydri dles can be used as the dianhydride

nonomer , @-@ {im@herméetnemm;'&ﬁd@les are preferred as they give superior
propertles anpl es of suitable dianhydrides include:

, 2,5, 6- -
tet racar Bg%&ﬁ?@ %ﬂ%@ %ﬂ‘g“‘gdwa?&ﬁt hal ene gefr Sﬁzgr BSQST ihgl =ne

di anhydri de; - 4' - di car boxyphenyl ) 6- di car boxybenzi m dazol e
di anhydri deeyclopenta(he(lgl tetracaboxyliosagihdiaphy dadﬁf di car boxybenzoxazol e
di anhydri de; 2-(3',4'-di carboxyphenyl) 5, 6-di car bboxybenzot hi azol e

di-anhydri degycjopentane tetracarboxyhc dianhydride;

'~ ethylene tetracarboxylic acid dianhydride;
perylene 3,4,9,10-tetracarboxylic dianhydride;
pyromellitic dianhydride (PMDA);
tetrahydrofuran tetracarboxylic dianhydride; and

resorcinol dianhydride.

The preferred dianhydrides are ODPA and BPADA as
polyamideimidesiloxanes made from them are more soluble. The dianhydrides
can be used in the tetraacid form or. as mono, di, tri, or tetraesters of the

tetraacid, but the dianhydride form is prefeired as it is more reactive.

About 0.5 to about 30 mole% of the monomers used to make the
'polyamideimidesiloxane contain siloxane groups. If more or less siloxane
monomer is used, the polymer may have less adhesion. Preferably, about 1 to
about 20 mole% of the monomers contain siloxane groups. The siloxane-
containing monomer can be either a siloxane dianhydride or a siloxane diamine

or a mixture thereof, but siloxane diamines are preferred as they are



2,2',3,3" -benzophenone tetracarboxylic dianhydride;
2,3,3",4'-benzophenone tetracarboxylic di anhydride;

3,3, 4 4vo bsmaphenone tetracarboxylic dianhydri de (BTDA) PCT/6399103719
2,2',3,3 -biphenyl tetracarboxylic di anhydride; 2,3,3,4" -bi phenyl
tetracarboxylic di anhydri de; 3,3 ,4,4" -Dbi phenyl tetracarboxylic

di anhydri de (BPDA); b|cyclo-[2,2,2¥iocten-(7)-2,3

, 5, 6-tetracarboxylic-2,3 ,5, 6-

gul fone g: gnﬁﬁgﬁ rgﬁ-illy% ?‘ Q& car "?Eﬁ%géy:) sul loe?fl(o@?eﬁ%l% yWyl)

bi s(3,4-dic [boxyphenyl oxadl ol e- ar aphenyl ene di anhydri de;
bi s( 3, 4- di cSiasewngs that,gan be us u&, 4- di anhydri de; -
bis[2,5-(3 ,4 dlcarboxydlphenylether)] 1, 3, 4- oxadi azol e

dianhydride;

R R

I I
H;N-R, sli—o Sli"Rl_NHZ

R R
m

Examples of siloxane-containing dianhydrides that can be used have formula

0] O
/"\ ' ) /"\
(@) R Si—O Si—R
N T RN

C R R

i I

0O

where R, R;, and R, .are mono, di, and triradicals, respectively, each
independently selected from a substituted or unsubstituted 1 to 12 carbon atom
aliphatic group or a 'substitutéd or unsubstituted 6 to 10 carbon atom aromatic
group and m is ll to 200. Examples of monoradicals include -CHj, -CF;, -
CH=CH,, -(CH),CF;, -C¢Hs, -CF,-CHF-CF;, and -CH;-CH;-CO-O-
CH,CF.CF,CF;. Examples of diradicals include -(CH.),-, -(CH,),CF;- and -

CeHy-, where nis 1 to 10. Exainples of triradicals include =CH-CH,-,



bi s(3, 4-di car boxyphenyl) ether dianhydride or 4,4'- oxydi pht hal i c
anhydri de (ODPA); bis(3,4-dicarboxyphenyl) thioether dianhydride; .
et hyl enewglopaedssbi s(anhydro-trinellitate); 5, 5' - ( PCT/GB99/03719

met hyl et hyl i dene) bi s(1, 3-i sobenzof urandi one) or 4, 4'[i sopropylidene

bi s( p- phenyl eneoxy) ] di pht hal i ¢ anhydri de or bi sphenol A di anhydri de
(BPADA); bisphenol S di anhydri de; 2,2-955(3,4-dicarboxyphenyl)
hexaf | uor opr opane di anhydri de or
5,5-12,2,2-trifluoro-1-(trifluoromethyl)ethylidene]

bi s(1, 3-i sobenzof ur andi one) (6FDA)

10 hydroqui none bi set her diapRygei de; pyl ) et hane

di anhydri de;

cycl opent ane tetracarboxyli

cycl opent adig i de;

R and R, are preferably aliphatic from C; to C;o and more preferably R is alkyl
from C, to C4 and R, is alkylene from C; to C4. Still more preferably, R is
methyl and R; is propyl; m is preferably 1 to 12 and is most preferably 1. The
preferred siloxane diamines form more flexible coatings and films. Preferred

siloxane diamines are herein referred to as “Gy,.”

For good thermal stability, about 40 to about 99 mole% of the non-
siloxane diamine monomers are aror;latic diamine monomers, and preferably
about 80 to about 99 mole% of the non-siloxane diamine monomers are
aromatic diamines. About 20 to about 100 mole% of the non-siloxane aromatic

diamine is an unsymmetrical aromatic diamine.

The unsymmetrical aromatic diamine has at least two aromatic rings,
two amine group attached to different aromatic rings, at least one amide group
in its chain, and is unsymmetrical. “Unsymmetrical” means that at least one of
the amine groups is ortho or meta or, if both amine groups are para, that there

are other aromatic substitutions so that when the two amine groups are reacted



et'hyl ene tetracarboxylic acid dianhydride; perylene 3,4,9,
10-tetracarboxylic dianhydride; pyronellitic dianhydride (PVDA);

t et r ahy dworoor3a2s6t et r acar boxyl i ¢ di anhydri de; and resorci nBET(ERBMAYEP| de.
The preferred di anhydri des are ODPA and BPADA as pol yani dei m desi | oxanes
made fromthem are nore sol uble. The dianhydrides can be used in the
tetraacid formor as nono, di, tri, or teltg‘raesters of the tetraacid, but
t he dianhydride formis preferred as it i'§ nore reactive. About

0.5 to aboutwiif dimilgfdridesth fofAnWEihidesgbups, theanidi@re on one side of a line
pol yam dei m desi | oxane contain sil oxane groups. If nore or |ess sil oxane

nononmer i s used e pol yner, may have | es hesi gn. Preferabl bout,l to
About 20’ molovRBE HFe ths SRideCEDBRS 15 RotideaHienl T, i et O le, oftE Slae
cont ai ni ng nononer can be either a siloxane dianhydride or a sil oxane

di amine or of thetlinee (igneringf thed amide grouy). di Thisramsymmetricak rstattae ihey
are

required to make the polymer soluble after it has been fully imidized.
Examples of unsymmetrical aromatic diamines include 3,3’-diaminobenzanilide
(3.3-DABAN), 4,3’-diaminobenzanilide (4,3 DABAN), 3,4’-
diaminobenzanilide, isophthal (3-aminoanilide), isophthal (4-aminoanilide),
terphthal (3-aminoanilide), N,N’-m-phenylene-bis(3-aminobenzamide), and
N,N’-m-phenylene-bis(4-aminobenzamide);  4,4'-diaminobenzanilide is an
example of a symmetrical aromatic diamine. The three benzanilide diamines
are preferred because they form more soluble polymers; 3,3'-

diaminobenzanilide is especiaily preferred.

While preferably all of the nén-siloxane aromatic diamine monomer is
the unsymmetricai aromatic diamine, up to about 50 mole% of the aromatic
diamine monomer can be aromatic diamine that contains neither a siloxane

group nor an amide linkage. Examples of such diamines include 3,4'-
oxydianiline, 4',3-oxydianiline, 3,3"-oxydianiline, 1,3'-bis(3-amino
phenoxy)benzene (APB), and 2,2'-bis(4]4-aminophenoxy]phenyl propane
(BAPP). |



11 conworgoi3gdsky avail abl e and | ess expensive. Exanpl es ®CT/GB99/03719

si | oxane- cont ai ni ng di am nes that can be used have the fornula

[err] Exanpl es of sil oxane-contai ni ng di anhydrides that can be used
have formul a where [err] i e nono, di, and triradicals,
respectively, each I ndependent|ly seleCted froma substituted or
unsubstituted 1 toprkferablypOfioataliphatic dianiihie! i preset (othersdiai i siloxadeor
unsubstituted 6 to 10 carbon atom aromatic group and mis 1 to 200.

Bxanples of rz%rﬁ%i%ﬂ{gcﬁlafnhile ?Ib%g tp 15"about 50 Fa0le% of the iiatnine monomer can be
aliphatic diamine that contains neither a siloxane group nor an amide linkage.
Examples of such diamines include H,N(CH;),NH; and H,N(CH,-CHCHj3-O),-
CHCH;-NH,, where p is 4 to 100. Another example is a 36 carbor_l diamine
having 2 terminal primary amine groups sold by Henkel Corporation as

“Versamine 552.”

While it is preferably not used, up to about 10 mole% (based on moles
of polymer) of an end capper, such as trimellitic anhydride or phthalic

anhydride, can be included to control molecular weight.

The polyamideimidesiloxane is prepared by forming a solution in an
organic solvent of dianhydride and ciiamine monomers.  Stoichiometric
proportions, =5 mole%, can be used. Examples of suitable solvents include N-
methyl pyrmrolidinone (NMP), dimethylacetamide, dimethyl formamide,
tetrahydrofuran, diglyme, triglyme, and y-butyrolactone. NMP is preferred
because the po.lymers are more soluble in it and it forms a good film. The
solution should be about 10 to about 40 wi% solids as it is difficult to form a
solution with less solvent and more solvent is usually unnecessary. Preferably,

the solution is about 20 to about 30 wt% solvent.

-
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[err] Exanples of diradicals include [err]and - [err]-, where nis 1 to

10. Exanples of triradicals include =CH CH2-, WO oo/ 39236

PCT/ GB9OwWO3ms9236 PCT/GB99/03719

and R and RI are preferably aliphatic fromdC to Co and nore
preferably R is alkyl fromCl to &4 and RL is alkylene fromCl to 4.
Still nore preferably, Ris nmet hyl l%nd Rl is propyl; mis preferably
1 to 12 and is nost preferably 1. The preferred sil oxane di am nes
formnmore flexible coatings and filns. Preferred si | oxane di am nes
are herein referred to as "G ." For good thermal stability,

about 40 to about 99 | e% of the non-. | | oxane di am ne no, S are
Sromatic di am ne THENEIS MCRMRGS 16 e topcther 5EpoRTHRBSIBBHE Golha cot
of the non-sil oxane di am ne nononers are )
polyamic acid forms in an exothermic reaction. About 20 to about 40 wt%
(based on solvent weight) of a refluxing solvent, such as toluene or xylene, is
added to the solution of the polyamic acid and the solution is refluxed for
several hours to fully imidize the polyamideimidesiloxane. The polymer is
fully imidized when at least 90% of the amic acid groups have imidized. This

solution should be about 10 to about 40 wt% polyamideimidesiloxane and is

preferably about 20 to about 30 wt% polyamideimidesiloxane.

The solution of the fully imidized polyamideimidesiloxane is cooled and
is applied to a substrate. Suitable substrates include polyimide film, copper
film, aluminum film, and other metal films. One or both sides of the substrate
can be coated to form a lead-on-chip (LOC) tape. Alternatively, a release film,
such as a polyester film, can be coated on one side so that, after evaporation of
the solvent, an adhesive polyami&eimidesiloxane film can be pulled off the

release film. Baking at a temperature of about 200 to about 250°C will remove
the solvent. The coating or the free-standing film is preferably about 10 to

about 100 pum thick. It is non-tacky and can be rolled up if desired.

The coating or film is heated above its softening point (typically 150 to

400°C) and the articles to be bonded are pressed against it. The adhesive is



aromati c di.am nes. About 20 to about 100 nol e% of the non-sil oxane aromatic
diame is an unsymmetrical aromatic di am ne. The .
unsynmeWo 39236 onat i ¢ di ami ne has at | east two aromati c PEHGBIN3TIY  ywo -
am ne group attached to different arorratic rings, at |east one am de group
inits chain, and is unsymetrical. "Unsymetrical" neans that at |east one
of . the am ne groups is ortho or @ or, if both am ne groups are
para, that there are other aromatic substitutions so that when the
two am ne gusefpk dme migaoelectronics fabrOMIGP2F6r bonding artxcles such as
PCT/ GB99/ 03719 with

ol ni hg. €ho ﬂﬁﬁxéﬁﬁ%é&g%%%aﬁi%és JEF BRI frtl %@L‘rﬂ% S "

ot her side of the line (ignoring the am de group) Th| S unsymmetri cal
structure i BOC tapeseqlhe laadt gm@ftmbaﬂoﬁmrc@bb@pmsadtmto the adhesiveen
fully imdized. Exanpl es of unsymetrical aromatic di am nes include

3,3 -di am nSiQQﬁkaﬂﬂé'di’ethe LOC( thpd’ and Séhioonductordiesi 'cﬁﬁ‘lﬂé’ FeLgéd 'lllltbdﬂle
(4, 3' DABAN) , di am nobenzanl l'ide, isop tha 3-am noani |l i de),

I sopht hal (4zan. noam ht hal (.3-am naanll

NN - m phenyF@FFé Y5 o %Hﬁ{% Side o a dgxpee is pressed imto the c)ldheswe a fillet

or ridge of adhesive forms around the device to help secure it.

The following examples further illustrate this invention.

Example 1

A 3-necked glass reactor, equipped with a mechanical stirrer and a Dean
& Stark receiver having a condenser, was purged with dry nitrogen. To this
reactor was added with stirring 45.5 g (0.2 mol) 4,3’-DABAN 12.6 g (0.05
mol) 1,3-bis(3-aminopropyl)-1,1,3,3-tetramethylsiloxane (G;) 400 g NMP, and
77.5 g (0.25 mol) ODPA. The mixture was polymerized at room temperature
overnight, forming a polyamic acid. For azeotropic distillation, 100 g of
toluene was added to the polyamic acid solution. The temperature was raised
to 150°C for 3 to 4 hours to imidize the polyamic acid. After imidizaton, the

toluene was distilled off.



N, N - m phenyl ene- bi s(4-am nobenzam de); 4,4'-diam nobenzanilide is an
exanpl e of a synunetrical aromatic diam ne. The three benzanilide di am nes
are pr e oozz23decause they form nore soluble pol ynePET/GBI¥03 1S

di am nobenzanilide is especially preferred. VWil e preferably
all of the non-siloxane aromatic di am ne nononer is the unsymmetri cal
aromati c diam ne, up to about 50 nol e% oi the aromatic di am ne nononer
can be aronmatic d| am ne that contains nefther a sil oxane group nor an

am de |inkage. g lﬁﬁdﬁeaf}eﬁhaﬁweswbwinlwp at room temperatdre (RTH.ne,

4' | 3-oxydianili ne oxyd| an| I | ne, 3' -bis(3-am no
phenoxy) benggne, Ok Bl & é%4payeaeg§ﬁnwtﬁg%s PApRAed o,
cont ai ni ng di am ne),

( BAPP).
al i phatic diamne is present (other than sil oxane-

but up to aB30C50Tke| glasof ﬂahﬂndnamempemimf(ﬂ‘gbahybd)lffaenqmiaﬁoanﬂmgrr| ne
that contains neither a siloxane group nor an am de |inkage. Exanpl es of

such di am “ﬁld&ﬁ%?ﬂé@ﬂ(ﬁ?&w and H2N( CH2- CHCH3- O) 0-

The resin solution was also coated onto both sides of “Upilex” or
“Kapton” polyimide film and the NMP was removed at 230°C. The three-layer
LOC tape was attached to an Alloy 42 lead frame at 370°C by hot pressing.
Good fillets appeared around the lead fingers. The semiconductor die was
attached to the other side of the tape on the lead frame at 400°C. Bonding to

the chip surface and to the lead frame was excellent.

Examples 2 and 3

Copolyimides of ODPA with diaminobenzanilde isomers and G; were

prepared using the procedure described in Example 1.

Example | Aromatic mole% G; | Tg, °C (DSC) | Solubility in
Diamine NMP at RT
2 80 mole% 20 226 - Soluble
3,4'-DABAN
3 90 mole% 10 232 Soluble
3,3'-DABAN

Each of the resin solutions was coated onto both sides of “Upilex” polyimide

film and the solvent was driven out at 240°C. The 3-layer LOC tapes were
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[err] where p is 4 to 100. Another exanple is a 36 carbon diam ne havi ng
2 termnal primary anmine groups sold by Henkel Corporation as "Ver sam ne
552" ( TMwo 00739236 Wiile it is preferably not used, up t®caGBRY03MINDI €% -
(based on noles of polymer) of an end capper, such as trinellitic
anhydride or phtludic anhydride, can be included to control nol ecul ar
wei ght . The pol yam dei m desi | ox ge Is prepared by formng a
solution in an organic solvent of dianhydride and di am ne nononers.

St oi chi onet '4tfa heAORPAIRNI2 Fea®fithe ABAPARAhoEpHeRiRS. 0IGdud Ak

solvents inc e N nethyl pyrrolidinone (NWP),” di net hyl acet am de, )
di ret hyl fornmam de tetrghydrafi.ran, diglyne, triglymre, and

y- but yrol act%?TWQ@dpﬁﬁyg%%ebngsﬁcaésS&‘Pﬁ%n%t%% wascaftashedsta tg e i n
it and it forns a good film The solution should be about 10 to about 40
W % sol i ds agthet side off thei tape tat 4Q0PCr nBeth fihhsishowedigood borsdingltu dhe chipl

nore solvent is usually unnecessary. Preferably, . the solution is about 20
to about 30 %J’ieiﬁ'ﬁfﬁﬂé- AVENDED SHEET

Example 4. 5, and 6

Copolyimides of BPADA with 80 mole% diaminobenzanilide isomers

and G, were prepared using the procedure described in Example 1.

Example | Aromatic mole% G, | Tg, °C (DSC) | Solubility in
Diamine - NMP at RT
4 3,4-DABAN 20 202 Soluble
5 3,3'-DABAN 20 192 Soluble
6 4 4-DABAN 20 —mmmmm————— Not soluble

The solutions of Examples 4 and 5 were coated onto both sides of “Upilex”
polyimide film and baked at 250°C to remove the solvent. The 3-layer adhesive
films were attached to an 'Alloy 42 lead frame at 350°C by hot pressing. Good
fillets appeared around the lead fingers. The semiconductor die was attached to
the other side of the adhesive film at 400°C by hot pressing. The chip and lead

frame had good adhesion to the adhesive film.

_’//.
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15 When the nononers are m xed together at roomtenperature (RT) a
polyanmic acid forns in an exotherm c reaction. About 20 to about 40 wt %
(based owoxohymet wei ght) of a refluxing solvent, such as POTAGRI9/03M9
xylene, is added to the solution of the polyam c acid and the solution is
refluxed for several hours to fully i m' di ze the pol yam dei m desi | oxane.
The polynmer is fully imdized when at %st 90% of the am c acid groups
have i m di zed. This solution should be out 10 to about 40

Wt %pol yam dei m d%'ih §exﬁf§1)ec&mﬁgfoﬁf &Gt ﬂs@b@&ﬂeﬂgﬁ@a@&u} (f% 2§4s%f'

pol yani dei m desi | 'oxan on o y 1m

pol yam dei mﬁﬂs‘ldmmng'sn@aﬁg Sthchudingior o@ﬁﬁistxﬁg dft, a substrate. Suitable
substrates include polyrmde film copper film alumnumfilm and other

netal filns. One or both sides of the substrate can be coated to form a

| ead-on-chip (L Alterpatiyvely rel ease, film.- such_as ]
pol yester film cﬁhﬂ %ga%%g discipsednin sﬂ‘%l oEesQing: desgrip ne\ﬁﬁp%fm

t he sol vent, ,an adhesi ol vam dei,ni desi | oxane can be ed off. the
o eoge F11 el of The a BRI tfRyGRS, SXBESdd i HIP sBcBi fobims e ig ||
renove

terms of a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.



the solvent. .The coating or the free-standing filmis preferably about 10
to about 100 [err]mthick. It is non-tacky and can be rolled up if .
desired. WO00/39236 The coating or filmis heated above its PeflvGBE9/037390i nt
(typically 150 to 400[err]C) and the articles to be bonded are pressed
against it. The adhesive is

16 useful in mcroelectronics fabricationyhor bonding articles such as
sem conductor dies and |lead frames. It is especially useful for making
3-layer LOCCGRABMS:The |ead fingers of a lead fiane can be pressed into—
t he adhesive on one side of the LOC tape and seni conductor di \“\
pressed into the adhesive on the other side. Wen a devi ceLm“ﬁmﬁEm “\“

e

*

the adhesive, a fillet or ridge of adhesive .forns around t oS
hel p secure it. . The follow ng exanples further iilustrate this
i nvention. L. A solution of a hot melt adhesive comprisinginpl e 1

(I) an organic solvent; and

() a fully imidized polyamideimidesiloxane which comprises the
reaction prodﬁct of dianhydride monomer with diamine
monomer, where
(A) about 0.5 to about 30 mole% of said monomers contain

siloxane groups and are siloxane dianhydrides having the

general formula

0 i
R R
O/C\R Sl 0 Sl R. C\O
2 1— 1—
N | I N/
R R C
i m f

or siloxane diamines having the general formula



A 3-necked gl ass reactor, equipped with a nmechanical stirrer and a Dean &
Stark receiver having a condenser, was purged with dry nitro To this
react or WAP0AI6d with stirring 45.5 g (0.2 nol) 4,3 - DABAC 9”?"{?7{% 05
nol) 1, 3-bis(3-amnopropyl)-1,1,3,3-tetramet hyl siloxane (@) 400 g NWP, and
77.5 g (0.25 nol) ODPA. The m xture was pol yneri zed,ai__r_ogmtermerature
overni ght, formng a polyaxnic acid. For s ?zeotropl C d|

tol uene was added to the polyanm c acid solution. The t mliﬁl |sed
to 150'C for 3 to 4 hours to imdize the polyamc aC|

the toluene was distilled off.

17 The fully imdized resin was soluble in NW at roomtenperature
(RT). The resin solution was coated onto a polyester filmand the sol vent
was dried at 230[err]C. The glass transition _tenperature (Tg) by
Differential Scainnng Cal orimeter ( wap 2 4[err] C. The
resin solution was al so coated qnto botH. sides "Upilex- (TM or
"Kapton"(TM -polyimde film arteNRy ﬁP’O sglr&h)\}‘g'& at 230[err]C. The
t hree- ' ' |

R R

m

or mixtures thereof, where R, R,, and R, are mono, di, and
triradicals, respectively, each independently selected from
a substituted: or unsubstituted 1 to 12 carbon atom aliphatic
group or a substituted or unsubstituted 6 to 10 carbon atom
aromatic group, and m is 1 to 200;

(B) up to about 50 mole%, bﬁéed on said diamine monomer, of
aliphatic diamine that contains neither siloxane groups nor
amide linkages; and

(C) - about 40 to about 99 mole%, based on said diamine
monomer, of aromatic diamine that does not contain
siloxane groups, selected from the group consisting of

- (1) about 20 to about 100 mole%, based on said

aromatic diamine, of unsymmetrical aromatic



| ayer LOC tape was attached to an Alloy 42(TM lead frame at 370[err] C by
hot pressing. Good fillets appeared around the |ead fingers. The

sem concwoloome28edi was attached to the other side of the mmmm lead

frame at 400[err]C. Bonding to the chip surface and to was
excel | ent _ o Exanpl es ZU \ “ 'm
N .

Copol yi m des of ODPA wi th di am nobenzani b?e | soners an prsepar ed
usi ng the procedure described in Exanple Exanpl e Arorrat iC

ol e% G err] Tg, [err] C (DSQC) dﬁﬁhﬂ@'thhf liak at least two aromaﬁcamlg'ﬁi‘ two
NVP at RT 80 nol e%

Sol ubl e 3, 4' - DABAN .
mol e% 10 oamine groups ep, different “aromatic fm@ 3a“‘bABAN

Each of the resin solutions was coated onto both sides of "Upilex'"(TM
polyimde filmand the sol vent veontdins\atieastionetaniidélmkap€in ftoehain; aammy LOC
t apes were AVENDED SHEET
(2) up to about 50 mole%, based on said aromatic
diamine, of aromatic diamine that contains neither

siloxane groups nor amide linkages.

2. A solution according to Claim 1 wherein said dianhydride monomer is

4,4'-oxydiphthalic anhydride.

3. A solution according to Claim 1 wherein said dianhydride monomer is

bisphenol A dianhydride.

4, A solution according to any one of the preceding Claims wherein m is 1
to 12.

5. A solution according to any one of the preceding Claims wherein R is
CH;.

6. A solution according to any one of Claims 1 to 5 wherein R) is -(CH,)3-.



18 attached to Alloy 42(TM |ead frame—at-370[err] C by

hot pressi ng. Good fillets appeared ar | ead
fingers. WO 8¥M23bonduct or die was attached to the Ij’ j’ wﬂ'm"
side of the tape at 420[err]C. Both filnms showed good bondi l)

$

and | ead frane. Exanpl*e 4.
5. and 6 ( Copol yiigdes of BPADA with 80 nol e%
di ami nobenzm |i de i soners and G were prepared using the

procedure degcri bed solutionsagdordihg to any one of the precedinp@laine whéreitpsaid
nol e% G err | Tg, [err]C (DSC) Solubility in

2' am ne 3 41 - pApAfnSymimetrica] aromatic diamineis 3,3 N-Hfan?fngﬁgmide.

5 3, 3' - DABAN 20 192 Sol ubl e

6 4, 4' - DABAN 20 Not sol ubl e

The -solutions of Exanples 4 and 5 were coated onto both sides of "Upilex"

(TM polyimge fil sml?u ilain§5 | ygn ?_ﬁl - -
adhesive fil gs werﬁ{en at a@ﬁzﬁ%oo a %I ob 4%%?%&%%&@%#@ gt %{) er?%l by
hot pressing. Good f.illets appeared around. the |ead
fingers. The semi @ama%ﬂc& aromatic diamine is 3 e‘ﬁmnﬁ’gﬁm]d&?-o t he ot her

side of the adhesive filmat 400[err]C by hot pressing.
The chip and | ead franme had good adhesion to the adhesive film

9. A solution according to any one of Claims 1 to 6 wherein said

unsymmetrical aromatic diamine is 4,3’-diaminobenzanilide.

10. A solution according to any one of the preceding Claims wherein said

organic solvent is N-methyl pyrrolidinone.

11. A method of making a tape comprising forming a coating by applying a
solution according to any one of Claims 1 to 10 to a film and

evaporating said organic solvent from said solution.

'12. A method according to Claim 11 wherein said film is a release film and

said coating is removed from said release film.

13. A method according to Claim 11 or 12 wherein said coating is about 15

to about 50 pm thick.



AVENDED SHEET ' 19 In
the present specification "conprise" neans "includes or consists of' and
"conpr i WOeM3%3ans "incl uding or consisting of'. PRGBS

di sclosed in the foregoing description, or the foll owing clai-ms;—or—the

acconpanyi ng draw ngs, expressed in their specific for Immi
means for performng the disclosed fincgyon, or a net hgz{ m‘mﬂl\mmm
attaining the disclosed result, as appropriate, may, sepafatelw, dr #n any
conmbi nati on of such features, be utilised for realisi ng the i nventlon in

di verse forns thereof.

CLAIME: 14 A method according to Claim 1 3 & '18"whlerdin"&id f?dlﬁn&f“i?“ ve

conpri sing

applied to both sides of said film, producing a three-layer tape.

15. A method of attaching an article to a substrate comprising placing said
article or said substrate against one side of a tape made according to the
method of Claim 14, heating said tape above its softening point, and
pressing said substrate or said article, respectively, against the other side |

of said tape.

16. A solution of a hot melt adhesive comprising

()  an organic solvent; and

(II) about 10 to about 40 wt% of a fully imidized

polyamideimidesiloxane which comprises the reaction product of

(A) dianhydride selected from the group consisting of 4,4'-
oxydiphthalic anhydride, bisphenol A dianhydride, and

mixtures thereof; and 4
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(1) an organic solvent; and (rr)y a fully imdized

of "t anh Yt AUBHOnomDr W ¢ ﬁhdfgmieses_ L“e mwmméwm%s“
0 nt ai

51l oxane. roupsand are o1 oxane i annyar! des.navi ng  nd NI} INANL N

general fornula [err] 25 * tor Lsi hoxanex

di am' nes havi ng the general fonnula

(1) about 1 to about 20 mole%, based on moles of
monomer, of siloxane diamine having the general

formula

R R
HoN—R; . Sli-O Sli—Rl—NHz
R R

where R is alkyl from C, to C,, R, is alkylene from
CitoCy,andmis 1 to 12; and

(2) about 80 to about 99 mole%, based on total diamine
monomer, of aromati§ diamine selected from the
group consisting of 3,3’-diaminobenzanilide, 4,3°-
diaminobenzanilide, 3,4’-diaminobenzanilide, and

mixtures thereof,

~17. A solution according to Claim 16 wherein said aromatic diamine is 3,3’

diaminobenzanilide.

18. A solution according to Claim 16 or 17 wherein said solvent is N-methy]

pyrrolidinone.



[err] or m xtures thereof, where [err] are

nono, di, and triradicals, respectlvel , each

i ndepend®Q 003933 ect ed from a subst | RGl/6B99/8%719
unsubstituted 1 to 12 carbon atom aliphatic group or
a substituted or unsubstituted 6 to 10 carbon atom “IIIII”"I““" lllll”“l
aromatic group, and mis 1 to 200; 26 (B)

nol e% based on said di am ne nononer, of Yphhati'c
di am ne that contains neither siloxane groups nor

am de |inkages; and (C© about 40 to about 99 nol e% based

on said dianjgie A solution according to Claim 16, 17 or 18 wherein said dianhydride is

bisphenol A dianhydride.

20. A solution of a hot melt adhesive comprising
(D  an organic solvent selected from the group consisting of N-methyl
pyrrolidinone, dimethylacetamide, dimethyl formamide, and
tetrahydrofuran;
() about 20 to about 30 wt% of a fully imidized

polyamideimidesiloxane which comprises the reaction product of

(A) a dianhydride sé_lected from the group consisting of 4,4'-
oxydiphthalic anhydride, bisphenol A dianhydride, and

mixtures thereof; and

(B) diamine which comprises
(1) about 1 to about 20 mole%, based on moles of
monomer, of siloxane diamine having the general

formula

This Sheet Has Been Replaced
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nononer, of_aromatic diam ne that does not contain
si |l oxane groups, selected fromthe group consisting of

(1) - abowO 0839236 about 100 rol e/, based on said PCT/GB99/03719
aromatic diam ne, of unsymmetrical aromatic : :

22 diam ne that has at |east two aromatic rings,

t wo am ne group®7on different aromatic rings, and

Eztz);lt-ai ns at Least58ne ?m;)/debl [ nléage in idts chain; and————-..
up to about nmol e% based on said aromatic | ”"I"H”

di ami ne, of aromatic diam ne that contains neither %"gm’glmﬂu - 1

si | oxane groups nor am de |inkages. 2. A sol ution "acao
wherein said di anhydri de nononer is 4, 4' - oxydi pht hal i ¢ anhydride.
3. A solution according to Caim1 wherein said dianhydri de nononer is
bi sphenol A di anhydri de.

T

EBN-(CR)h— Sli —-0- Sli = (CH); — Ni:
s CH

; and

(2) about 80 to about 99 mole%, based on diamine
monomer, of aromatic diamine selected from the
group consisting of 3,3’-diaminobenzanilide, 3,4’-
diaminobenzanilide, 4,3’-diaminobenzanilide, and

mixtures thereof,



WO 1 1-2UUU GB 00990371¢

4. A sol ution according to any one of the preceding Clains wherein mis 1
to.12." 5. A sol ution according to any one of the preceding d ains
wherein Ris CH3. 6. A sol ution according to any one of Cains
| to 5 wherein Rl is -(CH2)3-. :

23 7. A sol ution according to any one of the preceding C ains wherein

sai d unsymmetrical aromatic diamne is 3,3 -di am nobenzani li de.

87 “"A"sol ution according to any one of Clains t1-to 6 wherein said - -—--
unsymetrical aromatic diamne is 3,4'-di am nobenzanil i de. 9. A
solution according to any one of Clains | to 6 wherein said

unsymmetrical aromatic diamne is 4,3 -di am nobenzanili de.

POLYAMIDEIMIDESILOXANE HOT MELT ADHESIVE

This invention relates to a polyamideimidesiloxane and to its use as a hot

melt adhesive.

Polyamideimidesiloxanes have been disclosed for use as hot melt adhesives
for microelectronic assembly. A solution is formed of the polyamic acid precursor,
the solution is applied to a substrate, the solvent is evaporated, and the polyamic

acid is imidized on the substrate.

JP 10060111A discloses a siloxane-modified polyamide-imide resin
composition for coatings, made by blending a diamine or diamino-polysiloxane, a

poly-maleimide compound, and a siloxane-modified polyamide-imide resin.

According to a first aspect of this invention there is provided a solution of a
hot melt adhesive comprising

(I  an organic solvent; and

(@) a fully imidized polyamideimidesiloxane which comprises ﬁe

AMENDED SHEET
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10. A solution according to any one of the preceding Cains wherein said .

organic solvent is N-nmethyl pyrrolidinone. = 11. A nethod of nmeking a

tape conprising formng a coating by applying a sol ution accordi ng

to any one of Clains 1 to 10 to a film and evaporating said organic

sol vent from said sol ution. 12. A nmgjhod according to Caim1ll wherein

said filmis a release filmand said coating is renoved fromsaid

r-el ease film 13. A-nethod acco#di-ng-te Caim1ll or 12 wherein said R
coating is about 15 to about 50 [err] thick. 14. A

met hod according to aim1l, 12 or 13 wherein said solution is
applied to both sides ofreaction product of dianliydgide mionomer ayith diapdine monomer,

where
(A) about 0.5 to about 30 mole% of said monomers contain

siloxane groups and are siloxane dianhydrides having the

AMENDED SHEET
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15. A method of attaching an article to a substrate conprising placing

said - article or said substrate agai nst one side of a tape nade

according to the met hod of C aim 14, heating said tape above its

sof teni ng point, and pressing said substrate or said article,
respectively, against the other side 14  of said tape. 16. A

solution of a hot nelt adhesive according to Claim1 conprising (n)
an—organi‘c solvent; and -~ (I'l) about 10 to 'atmm 40 wt %of -a ful ly———

:o;nogljétedof PrQPe!er%l% dlgﬁg g%‘ﬂ%l de n*ﬂ@;t RBqP f&om t ?erﬁ gﬁ%ﬂ eﬁf&;&aﬁ@

consisting.of 4,4'- ydi pht hal i ¢ anhydrlde bi sphenol A
di anhydri de, andontaining diamine), but up g abqntéé) mpls% of the;diamine monomer can be

(B) diam ne which conprises AVENDED SHEET
aliphatic diamine that contains neither a siloxane group nor an amide linkage.

Examples of such diamines include H;N(CH;),NH; and H,N(CH,-CHCH;3-0),-
CHCH3-NI-f2, where p is 4 to 100. Another example is a 36 carbon diamine
having 2 terminal primary amine groups sold by Henkel Corporation as

“Versamine 552” (TM).

While it is preferably not used, up to about 10 mole% (based on moles
of polymer) of an end capper, such as trimellitic énhydride or phthalic

anhydride, can be included to control molecular weight.

The polyamideimidesiloxane is prepared by forming a solution in an

{ organic solvent of dianhydride and diamine monomers. Stoichiometric
proportions, 5 mole%, can be used. Examples of suitable solvents include N-

methyl pyrrolidinone (NMP), dimethylacetamide, dimethyl formamide,

tetrahydrofuran, diglyme, triglyme, and y-butyrolactone; NMP is preferred

because the polymers are more soluble in it and it forms a good film. The

solution should be about 10 to about 40 wt% solids as it is difficult to form a

solution with less solvent and more solvent is usnally unnecessary. Preferably,

the solution is about 20 to about 30 wt% solvent.
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(1) about 1 to about 20 mol e% based on nol es of

nmononmer, of siloxane di am ne havmg_t he general . e
formula J[err] where Ris alkyl from
[err]is al kylene from 17 [err], and mis | to 12;
and (2) about 80 to about 99 nol e% based on total

di am ne nmononer, .ef aromatic di am ne sel ected
fromthe °~ =7 —group-consi sting of.—--- - -
3, 3' - di ami nobenzani ﬂfllgé‘uﬂxmdlzedresmwas soluble in atmomtemperature @®RD).

di am nobenzanilide, 3,4'-diam nobenzanilide, and
m xtures ther eThe resin solution was coated onto a polyester film and the solvent was dried at

230°C. The glass transition temperature (Tg) by Differential Scanning
Calorimeter (DSC) was 244°C.

The resin solution was also coated onto both sides of “Upilex” (TM) or
“Kapton”(TM) polyimide film and the NMP was removed at 230°C. The three-
layer LOC tape was attached to an Alloy 42(TM) lead frame at 370°C by hot
pressing. Good fillets appeared around the lead fingers. The semiconductor die
was attached to the other side of the tape on the lead frame at 400°C. Bonding
to the chip surface and to the lead frame was excellent.

Examples 2 and 3
Copolyimides of ODPA with diaminobenzanilde isomers and G, were

prepared using the procedure described in Example 1.

Gb 00990371¢

Example | Aromatic mole% G: | Tg, °C (DSC) | Solubility in
Diamine NMP at RT
2 80 mole% 20 226 Soluble
3,4-DABAN
3 90 mole% 10 232 Soluble
3,3-DABAN

Each of the resin solutions was coated onto both sides of “Upilex”(TM)
polyimide film and the solvent was driven out at 240°C. The 3-layer LOC

tapes were
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17. A solution according to Cl aim 16 wherein said aromatic di anmne is
3,3 -" di am nobenzani |l i de. 18. A solution according to

Clraim 16 or 17 wherein said solvent is N nethyl pyrrolidi none.

19. A solution according to Claim16, 17 or 18 wherein said dianhydride is
bi sphenol A di anhydri de. 20. A solutigpg of a hot nelt adhesive
according to Claim1l conprising (O - .an organic sol vent sel ect ed
fromthe group €onstsfTl ng of TN-ethyl ==~ pyrrolidi none,

di met hyl acet am dgaofibdy t o 42rPm @dmeﬁs7o°Cb hotgﬁ&éﬁmgdf@&mm

(1) about 20
ol yam dei m desi I oxan 0 ses the react I on product of
POty &] the qgad fingers. A semiconductor die was attached to the

other side of the tape at 420°C. Both films showed good bonding to the chip

and lead frame.

le4. S, and 6
Copolyimides of BPADA with 80 mole% diaminobenzanilide isomers

and G, were prepared using the procedure described in Example 1.

Example | Aromatic mole% G; | Tg, °C (DSC) | Solubility in
Diamine NMP at RT
4 3,4-DABAN 20 202 Soluble
5 3,3-DABAN 20 192 Soluble
6 4.4-DABAN 20 Not soluble

The solutions of Examples 4 and 5 were coated onto both sides of “Upilex”
(TM) polyimide film and baked at 250°C to remove the solvent. The 3-layer
adhesive films were attached to an Alloy 42(TM) lead frame at 350°C by hot
pressing.  Good fillets appeared around the lead fingers. The semiconductor
die was attached to the other side of the adhesive film at 400°C by hot pressing.

The chip and lead frame had good adhesion to the adhesive film.
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(A) a dianhydride sel ect éd fromthe group consisting of 4,4'-
oxydi pt hal i c anhydri de, bisphenol A dianhydride, and

m xtures thereof; and (B) diam ne which_conprises
(1) about 1 to about 20 nol e% based on nol es of T

rororer. ot siToxane dhamne navva {ne oot 11—

27

14. A method according to Claim 11, 12 or 13 wherein said solution is

applied to both sides of said film, producing a three-layer tape.

15. A method of attaching an article to a substrate compﬁsing placing said
article or said substrate against one side of a tape made according to the
method of Claim 14, heating said tape above its softening point, and
pressing said substrate or said article, respectively, against the other side

of said tape.

16. A solution of a hot melt' adhesive according to Claim 1 cdmpr.ising

(D  an organic solvent; and

{ - (@) about 10 to about 40 wi% of a fully imidized

polyamideimidesiloxane which comprises the reaction product of
(A) dianhydride selected from the group consisting of 4,4'-
oxydiphthalic anhydride, bisphenol A dianhydride, and

mixtures thereof: and

(B) diamine which comprises
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[err] "’ _ and (2) about 80 to about
99 nol-e% based on di am ne m)nonfe{\of aromatlc

diram ne sel ected fromthe . group c B
3, 3' -di am nobenzanilide, 3,4'- ,I”Hm
4, 3' -di am nobenzani |l i de, and 26 m xt Uf

19. A solution according to Claim 16, 17 or 18 wherein said dianhydride is

bisphenol A dianhydride.

20. A solution of a hot melt adhesive accordmg to Claim 1 comprising
(D)  an organic solvent selected from the group consisting of N-methyl
pyrrolidinone, dimethylacetamide, dimethyl formamide, and
tetrahydrofuran;
@) about | 20 to about 30 wt% of a fully imidized

polyamideimidesiloxane which comprises the reaction product of

(A) a dianhydride selected from the group consisting of 4,4'-
oxydiphthalic anhydride, bisphenol A dianhydride, and

( | mixtures thereof: and

(B) diamine which comprises
(1) about 1 to about 20 mole%, based on moles of
monomer, of siloxane diamine having the general

formula

- AMENDED SHEET



