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THREE~LAYER POLYIMIDESILOXANE ADHESIVE TAPE

Background of the Invention

This invention relates to an adhesive tape having a
poelyimidesiloxane layer on either side of a carrier film.
In particular, it relates to a three-layer tape wherein a
polyimide carrier film is sandwiched between two
polyimidesiloxane adhesive layers.

In the electronics industry adhesive tapes are used for
a variety of purposes such as, for example, bonding a metal
lead frame to an integrated circuit chip. Such tapes,
useful for LOC (lead on chip) attachments, are required to
be of high purity, have excellent adhesive properties, and
be easy to apply using mass production techniques. Where
wire bonding is done after the LOC attachment, it is
desirable for the polyimidesiloxane adhesive to have a high
Tg, usually above about 150°C. Examples of adhesive
polyimides can be found in U.S. Patents 3,740,305 and
4,543,295, Also see U.S., Patent 4,480,009.

Some LOC tapes make use of polyimides that are applied
as a polyamic acid layer to a polyimide carrier layer and
are then imidized. The imidization of a polyamic acid
results in the eveolution of water and solvent which can
cause blistering and a lack of uniform adhesion. A good
adhesive tape for use in the electronics and other
industries could be applied with heat and pressure and

without the eveolution of any volatiles.
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t-resistant adQQﬂé%%v@@i%@ers. Because the polyimidesiloxane adhesive

layers are fully imidized and are solventless, they do not
evolve water, solvent, or other volatiles when heat and
10 pressure are used to bond surfaces to the tape.

In order to manufacture this unusual tape, it is
necessary to form a solution of a fully imidized
polyimidesiloxane adhesive in a solvent. The solution is
then applied to the carrier layer and the solvent is

18 evaporated to form a fully imidized polyimidesiloxane.
Surprisingly, a fully imidized polyimidesiloxane adhesive
layer formed in this manner from solution without heat and
pressure will adhere to the carrier layer as a non-~tacky
film, yet will flow and form a bond to other surfaces when

20 heat and pressure are applied.

We have also found that tapes prepared according to the
process of this invention have advantages over identical
tapes made by imidizing a polyamic acid layer on a carrier

layer. A major advantage of the tapes of this invention is

25 that they can be made rapidly since it is only necessary to
eévaporate the solvent from the adhesive layer and it is not

necessary to imidize the adhesive layer.
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of fhe substrate, and a B-stage cured heat-resistant resin _adhesive |ayer
and{a M8Y¥alBE protective film provided successively on té/ 5PN de of
thejheat-resistant film [0004] EP-A-0 598 911 relates to a fil madhesive

conprising, as the main congiid 1cfh R Wiyd dg Javing a glass
tramsition tenperature of 3§%%é#g#%LUr“TUmET"H%Sngﬁgg%E |n organi c
Lsol yents, which paLY G ggmeaég g§€HQEahEEG 2% ERACHERGLAL hARSLrBARCHT the

fol owi ng acid conponhe 4, 4" - oxy |ph c acl
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- :5 Polyimidesiloxanes are formed by reacting a dianhydride with
a diamine, where either a portion of the dianhydride or a
portion of the diamine contains siloxane groups. That is,
one uses either a dianhydride, a non-siloxane containing
diamine, and a siloxane containing diamine, or one uses a

{0 dianhydride, a non-siloxane containing diamine, and a

i siloxane containing dianhydride. It is preferable to use
siloxane containing diamines as they are more available and
have good properties.

The siloxane~containing compounds may be either

5 aromatic or non-aromatic, but non-aromatic compounds are
preferred as they are more readily available. Examples of

siloxane diamines that can be used include compounds having

the formula 5 5
- P - Si— R, —
) HZN R, ?l 0 ,I Rj—NH>
' R R
; m
e !
' Examples of siloxane dianhydrides that can be used include
compounds having the formula
3 - 0
; Q R R i
b _ . i | /C\
) 0 SRyTSI- 0 Si— R, 0
o’ ~. . € ! ~
R R ¢
i m i
O
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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. Examples of monoradicals include -CH;, -CFj,

~CH=CH,, -{CH,),CF;, =CgHs, —CF,-CHF-CF;, and
~CH,~CH,~C-0~CH,CF,CF,CF,. Examples of diradicals include

f
o

-(CH,) p=r ~(CH,),~, —CF,- and -CgH,~. Examples of triradicals

include "CH"‘CH2", @ and m

where n = 1 to 10 and m is 1 to 200, but is preferably 1 to
12. (Siloxane diamines are herein denoted by the notation
"G,"-)

Any dianhydride may be used in forming the
polyimidesiloxane, 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-(37,4'’~-dicarboxyphenyl) 5,6-dicarboxybenzoxazole

dianhydride;
2~(3’,4/~dicarboxyphenyl) 5,6-dicarboxybenzothiazole
dianhydride;

2,2’,3,3’-benzophencone tetracarboxylic dianhydride;
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whef ei n err] and R2 are each a bivalent aliphatic (C[err or aromatic
gr dup: W@%‘F’H’%“R[err], Rlerr] and Rlerr] are each a nono- IJC)I'/UQ?g[pg%%
al iphatic or. aromatic group; and k is an integer of 1-20, (D)

bi s{ am noph Y benze équ ' agﬁﬂy enes di alm give rise to
rinpg cl osurg{"o ':% I’ﬁJd"e.EH%‘II ocourgr%%{%é a oc’hﬁg’% d‘??\g%)ﬁgd%%%s'e of Art.
-a24(B) EPC a Ny §2leusy 6 EAosd AL B, S @t Etarly g n ;

““Thet ef ore, trtﬂ'e?dr%st{ent i nvepg{ﬁonﬁ{'onpri ses tc\?\}% CJIE ai ns x?g,{ sl.l:ﬁ[%og%i Yime Loc

tapes make use, Ofy pOIWIHKIAS I Radt G ARDLY Ik A AhrdyRdd £ acid layer to a
pol yi m de carrier |ayer "and "are then i mdi'zed. The imdization of a

pol yani ¢ acif ¥ epul 454 ibrdi 1o v tsd siriixyet e ra ialith et dgnd  whi ch can cause
blistering and a |l ack of uniform adhesion. A good adhesive tape for use in

the' & ectror, gy and oidighdmdu et eacamisey e anp i viddy Bro) and
pressure and without the evolution of any volatiles. Sunmary of the
| nvention bicyclo-[2,2,2]}~0cten~({7)-2,3,5,6~tetracarboxylic~2,3,5,6~
dianhydride;
thio-diphthalic anhydride;
bis (3,4-dicarboxyphenyl) sulfone dianhydride;
ho bis (3,4-dicarboxyphenyl) sulfoxide dianhydride;
' bis (3,4-dicarboxyphenyl oxadiazole-1l,3,4) paraphenylene
dianhydride;
bis (3,4~dicarboxyphenyl) 2,5-oxadiazole 1,3,4-dianhydride;
bis 2,5-(37,4/~dicarboxydiphenylether) 1,3,4-oxadiazole

15 dianhydride;

bis (3,4-dicarboxyphenyl) ether dianhydride or oxydiphthalic

anhydride ({(ODPA);

bis (3,4-dicarboxyphenyl) thioether dianhydride;

bisphenol A dianhydride;

éo bisphenol S dianhydride;

2,2-bis (3,4~-dicarboxyphenyl) hexafluoropropane dianhydride
or 5,5-{2,2,2-trifluoro-1-(trifluoromethyl)ethylidene)
bis~1,3~iscbenzofurandione) (6FDA);

hydroquinone bisether dianhydride;

s bis (3,4-dicarboxyphenyl) methane diannydride;

cyclopentadienyl tetracarboxylic acid dianhydride;

cyclopentane tetracarboxylic dianhydride;

ethylene tetracarboxylic acid dianhydride;
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]_Ve have di scovered a superior adhesive tape which will bond toget?er
di ff er eniygrad/pirsal s using only heat and pressure and wit houPCT jg4/01682
tion of volatiles. The adhesive tape of this invention consists of a

er |layer sandwi ched between two fully imdized ther | agtic

ni desi | oxane RER¥EIEDE Paﬁe?sla§t§§§5FPthxV lfhéléngﬁg}aéécause t he
m desi | oxane adhesi Jayers are fully iLmdized and are soivent| ess,
do not evolvepﬁﬁPEFxgéﬁFé g R@r(ggbgb

efit-angydge | es when heat and
s T

The anhydrides can be used in their tetraacid form or
as mono, di, tri, or quatra esters of the tetra acid, but
the dianhydride form is preferred because it is more
reactive.

The preferred dianhydrides are ODPA, BPDA, BTDA, 6FDA,
and PMDA or mixtures thereof, as these dianhydrides are
readily available and have been found to give superior
properties. The most preferred dianhydride is ODPA because
it gives a polyimidesiloxane having better adhesion and good
flexibility.

The non-siloxane containing diamine should be aromatic
as those diamines give the best properties. Examples of
suitable aromatic diamines include
m- and p-phenylenediamine;
2,4~(Tba), 2,5~ and 2,6-diaminotcluene;

p- and m-xylylenediamine;

4,4’~diaminobiphenyl;

4,4’-diaminodiphenyl ether or 4,4’-oxydianiline
3,4’-cxydianiline (ODA);

4,4’-diaminobenzophenone;

3,3/, 3,4’, or 4,4-diaminophenyl sulfone or m,m-, m,p- O
p,p~ sulfone dianiline;

4,4'~diaminodiphenyl sulfide;
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- 2§ i m di zed pol yi m desitoxane. Surprisingly, a fully imdized
i mvdesskoMane adhesive |layer formed in this manner fr QGTS&01GA
out heat. and pressure will adhere to the carrier layer as a non-tacky

yet will flom1an fQorm a gond to oth% surfaces when heat and
sure arér ﬁppP el 4 ~diaminodiphenylmethane or m,m- or p,p-methylene

dianiline;
3,3’~-dimethylbenzidine;
4,4’~igsopropylidenedianiline;
7 6 1,4~bis(p-aminophencoxy)benzene;
1,3-bis(p~aninophencxy)benzene;
4,4’-bis(4~aminophenoxy)biphenyl;
1,3-bis(3~aminophenoxy)benzene (APB);
A, 2,4~diamine~5-chlorotoluene;
10 2,4~diamine~6-chlorotoluene;
2,2~bis-4[4-aminophenoxy]lphenyl propane (BAPP):
1se trifluoromethyl-2, 4-diaminobenzene;
rood trifluoromethyl~-3,5-diaminobenzene;
2,2’-bis(4~aminophenyl)-hexafluoropropane;

e 5 2,2-bis(4-phenoxy aniline) isopropylidene;

i 2,4,6~trimethyl~1,3~diaminobenzene;
4,4’~diamino~2,2’~trifluocromethyl diphenyloxide;
3,3’-diamino~5,5’~trifluoromethyl diphenyloxide;
i 4,4’~tri-fluoromethyl-2,2’~diamino biphenyl;

10 2,4,6~trimethyl~1,3-diaminobenzene;
diaminoanthraquinone;

i 4,4’-oxybis[2~-trifluoromethyl)benzenamine] (1,2,4-0OBABTF):;
4,4’~oxybis[ (3-trifluoromethyl)benzenamine];
4,4’-thiobis[(2-trifluoromethyl)benzenaminej;

s 4,4’~thiobis{ (3~triflucromethyl)benzenamine};
4,4’-sulfoxylbis[ (2-trifluoromethyl)benzenanine];
4,4’-sulfoxylbis[ (3-trifluoromethyl)benzenamine];

4,4’ ~-ketobis[ (2-trifluoromethyl)benzenamine];
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] W have also found that tapes prepared according to the process of

I nventi onW&ﬁgvant ages over identical tapes nmade by i m digImmgse/01682

mc acid [ayer on a carrier layer. A nmjor advantage of the tapes of

invention is that they can be nade rapidly since it is only necessary
aporate the sof vent[ (2 0omz-He iddhesiome thyler] gttt ifl yoramstthyddessary to
ze the adhesive layer. Description of the Invention [0009] The

Ini desi | oxanes used &%hylHel ixvedduess artd iFr oA HNiRe NZAP@MNGT inust

nly be fully im d,i zed but nust al so be thernopl astic _and soluble in a

nt. Pol yi m dest1%x#hdRe e sidiidd syl 3dacith Hip Zems thvHy Aerdgenamimed -

ne, where either a portion of the dianhydrj.de .or a portiqn qf_ the

ne contains sil oxaneyRFFFEIrRhATRATG R LETLNEST R&e 404 afffdr Bde, BAPP

i | oxane. cont ai ni ngq diani.ns, ag a _si l.Qxane .cont ai ni ng di am ne, or one.

a di an%_ hydr i o‘;_e]‘fe gc%otﬁl_-eﬁ”l 1@5%[ é’lrrﬂpned”td!efrﬁ ne, and a sil oxane

ining di anhydride. 4l ii5 R5i6fief30h9uLhd 1B PR £rom about 1 to about
80 wt% siloxane-containing monomers and about 20 to about 99
wt% monomers that do not contain siloxane. Preferably, it
is made from about 1 to about 30 wt% siloxane-containing

io monomers and about 70 to about 99 wt% monomers that do not
contain siloxane. Generally, stoichiometric quantities of
diamine and dianhydride are used to obtain the highest
molecular weight polyimidesiloxane but the egquivalent ratio
of dianhydride to diamine can range from 1:2 to 2:1.

15 The polyimidesiloxanes are typically prepared in
solution. The solvent used to form the solution of the
polyimidesiloxane must, of course, dissolve the
polyimidesiloxane. Suitable solvents depend upon the
particular composition of the polyimidesiloxane that is to

20 be made and dissolved, but may include N-methylpyrrolidinone
{NMP), diglyme, triglyme, cyclohexanone, cyclopentanone,
dimethylacetamide, and mixtures of these solvents. The
solvent preferably has a boliling point between 130 and 210°C
as lower boiling solvents may evaporate too readily from the

25 conpleted tape and higher boiling solvents may be too
difficult to remove from the tape. The solution of the

polyimidesiloxane in the solvent can be any percent solids

desired, but it is preferably about 10 to about 30 wt$
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cohlaining di am nes as they are nore avail able and have goodlﬁroperties.
[ 00J0] WR&4&iT4xane- cont ai ni ng conmpounds may be either ar AFEV4H682
nonfaromati c, but non-aromatic conpounds are preferred as they are nore

readily availopls, Bxapplesof ol QXp0e Shahaee dOBL Sai b Upgd 1ol ude

evaporate and more concentrated solutions are too viscous.

A particularly preferred polyimidesiloxane adhesive is made

P from ODPA, APB, and G, in NMP.

5 The first reaction, which forms the polyamic acid,
nt occurs at room temperature and the second reaction, which
g9 closes the imide ring, occurs at a temperature of about 150

to about 180°C. Typically, the reaction mixture is refluxed
several hours to imidize the polymer. A more complete

10 description of the preparation of solvent-socluble fully
imidized thermoplastic adhesive polyimidesiloxanes can be
found in U.S. Patent 4,973,645, herein incorporated by

L0 reference.

The carrier film can be made from almost any organic
15 polymeric material to which the polyimidesiloxane can
adhere. The polymeric material should have sufficient
solvent resistance to the polyimidesiloxane solution to
prevent its dissolution. The surface of the carrier film
) can be prepared to enhance the adhesion of the

ne RO polyimidesiloxane to it. Such preparation may include
treatment with a corona or with various chemicals. Many

types of carrier films are sold pretreated to increase their

)°C adhesion. Preferably, the carrier film is either an
:he amorphous polymer with a T; greater than 150°C or a
85 crystalline polymer with a melting peint greater than 150°C

so that it can easily withstand the bonding conditions.
3 Examples of such carrier films include polyimides,

polyimidesiloxanes, polyethylene terephthalate,
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polyetheretherketones, polysulfones, and polyamides, such a
nylon 66. The preferred material for the carrier film is a
polyimide. The thickness of the carrier film can vary fron
about i/z to about 10 mils, but it is preferably about 1 tc
about 2 mils thick.

The tapes of this invention are made by applying the
solution of the polyimidesiloxane to the carrier film and
evaporating the solvent from the solution. Typically, the
carrier film is positioned horizontally while the solution
is spread over its upper surface with a doctor blade. The
solvent is then evaporated, the carrier film is inverted,
and the procedure is repeated. This can be accomplished by
hand or in an automated process. Other methods of
manufacturing the tape, such as by dipping or running the
carrier film through a solution of the polyimidesiloxane
followed by wiping and evaporation, are also contemplated.
Repeated applications of the soclution may be required to
build up the desired thickness of adhesive on the tape. Th
adhesive layer can have a thickness of about 0.1 to about 5
mils on each side of the carrier film and a preferred
thickness is about 0.5 to about 1 mils on each side.

After the tape has been made and the solvent
evaporated, the adhesive surfaces are no longer tacky and
the tape can be rolled up and stored for use. During use
the tape is cut to the desired size and the surfaces to be
bonded to it are heated and pressed against it. Typically,
a temperature of about 200 to about 350°C is used and a

pressure of about 10 to about 200 psi. The tape forms a

10
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[err wher e ELerr] Rlerr], and R err] are nono, di, and triradicals,
2 1 espbc QB3 74%ach i ndependent |y sel ected from a substit uPEE/USI4/01682
unsulpstituted 1 to 12 carbon atonrallphatlc group or a substituted or

unsulpsti t ut g to.1l car n atom rou L nono adrcals
B @l dde -C}F 8P ¢ Egé éﬁ??ra P reCF anH%@r f, appiied
lS'CF3'CHF CFESEanlgngbout 1 to about 30 seconds.
from Although the tape can be used for many different
1 to applications, the principal use contemplated for the tape of

5 this invention is to bond components in the microelectronics

1e industry. Such uses include bonding metal lead frames to
1d integrated circuit chips, chips to lead frames, lead frames
:he to each other, chips to chip carriers and chips to heat

.on spreaders.

‘he * The following examples further illustrate this

L invention.

{ by Example 1

To a dry 12 liter 3 neck flask equipped with overhead

e stirrer, thermometer, Dean-Stark trap, and nitrogen inlet on
ﬁ top of the condenser was added 5 liters dry NMP and 750
4. milliliters of toluene. To this flask, with stirring, was

added 503.64 grams{ 1.62 moles) ODPA and then 24 grams (.096

The mole) G, and 96 grams (.114 mole of siloxane diamine with
t 5 average molecular weight = 841) G,. The reaction was stirred
& four hours and then 577.92 grams {(l.41 moles) BAPP was
added. The reaction was stirred overnight and the next

day, 250 milliliters of NMP and 18 grams DABCO was added.

3 The reaction was heated to reflux and water removed. The

W

reflux was maintained for 4 hours with the pot temperature
se * gradually increasing from about 155°C to about 172°C. About
Ly, 120 cc of an aqueous phase was removed during this period.
After this time, vacuum was applied to remove about 35 - 40%

of the solvent. The reaction mixture was cooled to about
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80°C and precipitated into water. The mixture was filtered,
washed, reslurried in deionized water and refiltered. The
precipitate was then dried at 105°C for three days.
Examples 2 = 7

Example 1 was repeated using different monomers. The
following table summarizes the preparation of these
polyimidesiloxane adhesives:

The Glass Transition Temperature Tg was determined by
Dynamic Mechanical Thermal Analysis (DMTA). The Tg is taken
as the temperature at which the dissipation Tan delta peaks t

at a heating rate of 4C/min in tension mode at 1 Hz.

This Sheet Fas

M

Exam | Dianhydride (pbw) Diamine Siloxane Diamine (pbw) Tg rC
ple (pbw)
1 503.64 ODPA 577.92 BAPP | 24G, + 96 G, (MW =841) 208 :
2 490.8 ODPA 610.4 BAPP | 100.28 G,; (MW =1108) 227 #
3 71.95 ODPA 2836 TDA | 67.73 G, (MW=841) 215 !
+ 34.42 6FDA 23.65 APB | 375 G, (MW=841) 124
4 38.93 ODPA 63.91 TDA | 194.93 G, MW =867) 185
5 241.16 BTDA 40.8 APB 1.0G; + 10.0 G, (MW =841} 187
6 45.7 BPDA 21.64 TDA | 311.21 G, (MW =860} €2
7 167.15 ODPA
¢
12
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, - 3- eren=1to 10 and mis 1 to 200, but is preferabgy 1 to 12.
*(Si| §xaife94?HAM nes are herein denoted by the notation ' SFYUS4PHEI1] Any .
di anfjydri de nay be used in form ng the polyi m desil oxane, although aromatic

_djanflydrides are preferred as they gi ri;or properties. Exanpl es of
“iitdol e di anhydri des i ncl ude 1 Xgh ?% 5 t hal ene tetracarboxylic

di anHydr i de: 4. 58 Lene. t etd i Gadi adanrd de;
192, 3,4, 7- na_pht hal eT%llg ip%tl alca%tgg%oig%%gi gﬂl%‘%ﬁ%&@ . %acg_ d q%'

2- (3}, 4" - di earbexpneRy h o5 O-rdirCanbeeRen2ignigaielad JaRh IR ax

2-(13'}, 4- di car boxyphenyl ) 5, 6- di car boxybenzoxazol e di anhydri de;

2- (3} 4' - di ¢Rhbeey RN Ehlend A8 s@A R0 XD RMEO AN AL sH1RNH I8 tered
18 ¥ through a 5 micron cartridge filter to give about 3.5 liters

of a solution having 21% by weight solids and a viscosity of

95 poise. This solution was further diluted with about 100

Y cc of NMP to decrease viscosity and then used to coat Upilex
1ken SGA polyimide (from Ube). This polyimide was used in a 12"
ks ¢ width and 2 mil thickness in roll form. The polyimide sheet

was passed through a two roll coater equipped with a trough
containing the polyimidesiloxane solution and a knife to

contrel thickness and then through a two zone heated oven

| ]

with zone 1 (forty feet length) set at 93°C and zone 2 (one
* hundred and ten feet length) set at 177°C. The polyimide
was coated at a rate of 25 feet per minute. After the first

side was coated, the single sided sheet was passed through

the coater a second time under the same conditions to give a

polyimide coated on each side with the polyimidesiloxane of
ﬁ Example 1. The total thickness of the sheet was 3.6 mils.
Example 9

The polyimidesiloxane of Example 2 was dissolved in NMP
and the solution filtered through a 5 micron cartridge
filter to give about 3.5 liters of a solution having 16% by
* weight solids and a viscosity of 9.0 poise. This
polyimidesiloxane was used as in Example 8 to give a
polyimide coated on each side with the polyimidesiloxane of

Example 2. The total thickness of the sheet was 3.6 mils.
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', 3, 3' -benzophenone tetracarboxylic dianhydri de;

3", 4' - benwoplagnp@e tetracarboxylic di anhydri de;

clo-[2,2,2]-

hydri de;

-dlcarboxyphena
- di car boxypheny

5
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25
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|

tetracarboxylic di anhydr

I car

PCT/US94/01682

, 4, 4' - benzophenone tetracarboxylic dianhydride (BDTA);
, 3, 3" - bi phenyl ' ' i de: 1% 3 ' 4' - Dbi

acar boxyl i ¢ di anhydri de; 3,3, 4, 4'-E#Eﬁ@%?&~§etracarboxylic
hydri de (BPDA);
oct en- (g?engl%l%l?%§}£%xa %x@?'EX?F%}% % %agn%e%??%eat 200°c
-dlphtha|IC anngr

3, 3',4'-Dbiphenyl

I de;

ggeh%urs 1£%réa?%ceﬁ OXyPhSRYh ) @H%% €and th%P

sul f oxi de di anhy

]k Qéf’gé 1geNIJfP af}& Qﬁéa@BWi&@efﬁleé‘Pé’@rtﬂ?@ugh alys
? - oxadi azol 3, 4-di anhydri d

micron cartrldge fllter to give about 3.5 liters of a

solution having 24% by weight solids and a viscosity of 7.5

poise.

This polyimidesiloxane was used as in Example 8 to

give a polyimide coated on each side with the

polyimidesiloxane of Example 3.

sheet was 3.6 mils.

Example )31

The total thickness of the

The polyimidesiloxane of Example 4 was dissolved in

cyclohexanone to give a form a homogeneous but hazy solution

containing 25% by weight solids.

Strips of PET

(polyethyleneterephthalate) film 5 mils thick and about 0.5

inch wide were dipped in the polymer sclution then hung up

to drain off and air dry for 5 days. The coated film was

about 6.3 mils thick.

as in example 11.

Example 12

A nylon 6-6 film which is about 4 mils thick was coated

Example 13

The coated film was about 6 mils thick.

The pclyimidesiloxane of Example 5 was dissolved in

cyclohexanone to give a solution containing 25% by weight

solids.

solution and allowed to drain off.

A strip of 2 mil thick Kapton H was dipped in the

The coated strip was

then dried in a 150 C oven for about 1 hour. The coated film

was about 4 nmils thick.

Il

I

14
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,5-(3' . 4" -di carboxydi phenyl ether) 1 , 3, 4-oxadi azol e_di anhydr | de;
3’949-“&12% boxyphenyl ) ether dianhydride or oxydi pht hgq:T/yS?i‘%W%ﬁ'i de

di car boxyphenyl ) hexafl uoropro dride or

2,2,2-1ri fi-HQF;Qé%?;(rhic?é%iélgéD%i?é hak)ﬁ&QM#iQ?@e&as dissplved in NMP.

|, 3-i sobenzof urandi one _ ydroqui none bi sether ¢
[ 3, 4- di s ag e yRNeaYhY | SRt bamiea Oh 2AGYHEL dBy we igkl CkODEAS adi enyl

hcar boxyl1c acid di anhydri de; cycl opentane tetracarboxylic
ydri detrip ofthyheneth fEK asel P ydé Cf 8Tnd (Rapbby di i fom DuPont)
was dipped in this solution and allowed to drain off and air
dry. It was dried further in a 200°C oven for about 1 hour.
Example 315
Example 14 was repeated except that 1 mil thick Kapton
H was used.
Example 16
The polyimidesiloxane of Example 6 was dissolved in
diglyme to give a solution containing 40 % by weight solids.
The solution was filtered through a 10 micron filter and
then a 1 micron filter. Strips of Kapton H, 2 5/16 inches
wide and 2 mils thick and about 6 inches long were passed
through the above solution and hung up to air dry for

several days.

Example 17

A strip (about 1 cm? ) was cut from the coated tape of
Example 8 and placed between a strip of alloy 42 metal and
the coated side of a piece of silicon wafer preccated with a
PMDA-ODA polymer. (This precoating was done by spinning a
solution of 0.17 % 3-aminopropyltriethoxysilane on a 4 inch
silicon wafer for 30 seconds at 5000 rpm, then a 15 %
solution of PMDA- 4,4’ODA polyamic acid in 75/25 NMP/xylene
for 30 seconds at 3000 rpm and drying at 5° C/minute to 350°
C/60 minute in a nitrogen atmosphere). The assembly was

pPlaced on a hot plate at 275°C and with no pressure for 10

15
This Sheet Has Been Replaced
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erytene 3,4,9,1 O-tetracarboxylic dianhydri de; pyromel | | 1]
{ji anhydr i W& 3430 t et rahydr of uran tetracarboxylic di anﬁé@ﬁﬁ%‘é‘%magnd
resorcinol dianhydride. [0012] The anhydrides can be used in their
fetraacid fOr”EQ?gﬁésUDfﬂendézStﬁb%ngé BfaéfésgﬁfgréagfaC?fiéftf@ra@@d1 but

t he di anhydride rmis preferred because IS nore re Ive. [0013] The

preferred di angyeshdesasd exkDPLss BN FHPAroRFFE A MDA Phedl St WSSt eg

t hereof, as these dian- hydrides are rteadily avail able and have been found
gto give superieh Fromerho@sl Ihso r@sé PRedertectai anhyslit desdenDRAs basalse
It gives a polyimdesiloxane having better adhesion and good flexibility.
[0014] The nontestedamed cavéradedordi @bvaea shlvehd ddhegirmict @eedthmsenan
di am nes give the best properties. Exam ples of suitable aromatic di am nes
i ncl udes 25 kg/cm?®. :

Examples 18 ~ 25

Example 17 was repeated using the tape of Examples 9 to

16. The following table gives the results:

= =
Example Tape from Hot Plate Shear Adhesion
Example Temperature (°C) (kg/cm?) ¢
10 17 8 275 >25
18 9 350 >25
19 10 275 >25
20 11 225 >25
21 12 225 >25
15 22 13 275 >25
22A 13(a)!? 275 >25
22B 13(B)? 275 >25
23 14 275 >25 z
24 15 275 >25
20 25 16 250 >25
! Same as Example 13, but between copper and an uncozated

silicon wafer.
Same as Example 13, but between ceramic and an uncoated
25 silicon wafer.
These examples demonstrate that the trilayer films of
this invention can be used to form strong bonds between
various surfaces.

30
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xydi ani | i ne 3,4'-oxyd|an|I|ne (ODA) ;
3,4', or 4,4-diam nophenyl sulfone or

. m p- or p,p- sulfone dianiline 4, 4' -di am nodi phenyl sulfi de;
, 3'glor 4,4h5(§FHg di phenyl net hane or mm or p, p-nethyl ene dianiline;
:38ad 3 di net hyl enzi di ne; 4,4' -isopropylidenedianiline;
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{
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An adhesive tape comprising a carrier film sandwiched
between two layers of fully imidized thermoplastic
polyimidesiloxane adhesive.

An adhesive tape according to Claim 1 wherein said
carrier film is selected from polyimide,
polyimidesiloxane, polyethylene terephthalate, and
polyamide.

An adhesive tape according to Claim 1 wherein said
carrier film is polyimide.

An adhesive tape according to Claim 1 wherein said
carrier film is about 1/2 to about 10 mils. thick.
An adhesive tape according to Claim 1 wherein said
polyimidesiloxane adhesive comprises the reaction
product of an aromatic dianhydride, a non=-siloxane
containing diamine, and siloxane containing diamine.
An adhesive tape according to Claim 5 wherein said
siloxane diamine comprises about 1 to about 70 wti of
said polyimidesiloxane.

An adhesive tape according to Claim 5 wherein said
aromatic dianhydride is selected from the group
consisting of benzophenone tetracarboxylic acid
dianhydride, oxydiphthalic anhydride, biphenyl
dianhydride, 6FDA, pyromellitic dianhydride, and

mixtures thereof.
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8. An adhesive tape according to Claim 7 wherein said
aromatic dianhydride is oxydiphthalic anhydride.

9. An adhesive tape according to Claim 5 wherein said

aromatic diamine is selected form the group consisting .
of toluene diamine, 1,3-bis(3-aminophenoxy)benzene, and ;

2,2-bis(4[4-aminophenoxy]phenyl)propane.

1 10. An adhesive tape according to Claim 5 wherein said

2 siloxane diamine has the formula |
3 "R R 1
4 nddi- o4 Si—R ~NH *
] HZNR‘E‘QIO! M TRRR 1

R R

6 m (
7 where R is a monovalent radical and R, is a divalent {
8 radical and each R and R, are independently selected

9 from substituted or unsubstituted 1 to 12 carbon atom :
10 aliphatic group and substituted and unsubstituted 6 to
11 10 carbon atom aromatic group and m is 1 to 200.

1 11. An adhesive tape according to Claim 10 wherein said i
2 aromatic dianhydride is oxydiphthalic anhydride, said f
3 non-siloxane containing diamine is 1,3-bis(3- {
4 aminophenoxy)benzene, "m" in the formula for said {
5 siloxane diamine is 9, and said solvent is N- %
6 methylpyrrolidinone.

1 12. A method making an adhesive tape comprising

2 A. forming a solution in a solvent of a fully i
3 imidized polyimidesiloxane; é
4 B. applying said solution to both surfaces of a

5 carrier film; and %

18

This Sheet Has B

T




O 111015111 Pt

WE(*¥ 2 tnoph

i am ne- 6-chl or ot o uéne®

tréflngéggﬁégﬁééég%%%aQ&f@QﬁngPgﬁ said solution.

bi ph | :
bR one!

S "2, 2-bis-4[ 4- ami nophenoxy] phenyl propane"

SRR ubronethyI-B,S-m
2, 248 bi : ) o . i s{ 44D, ni 1 ne)
2 2 s i, enkendd heselduny ook opraes 1z wndedofl oda phTGYAR

ing i
and 2
14.
i
!
{ 15
om
to 1l6.
17.
id
18.
19.

This Sheet Has Be

LT

en Replaced

the solvent is evaporated and then said solution is
applied to the other surface of said film and then the
solvent is evaporated.

A method according to Claim 12 wherein said solution of
polyimidesiloxane is formed by dissolving in said
solvent an aromatic dianhydride, a non~siloxane
containing diamine, and a siloxane containing diamine,
heating said solution to form a polyamic acid, and
further heating said solution to form a
polyimidesiloxane.

A method according to Claim 12 wherein the boiling
point of said solvent is about 130 to about 210°C.

A method according to Claim 12 wherein said solution is
about 10 to about 30 wti solids.

A method according to Claim 12 including the additional
last step of placing said adhesive tape between two
surfaces and pressing two said surfaces together at a
temperature of about 200 to about 350°C at pressure of
about 10 to about 200 psi for about 1 to about 30
seconds.

A method according to Claim 17 wherein said surfaces
are a metal lead frame and an integrated circuit chip.
A method according to Claim 12 including the additional

last step of rolling said tape up.

19



"-diam no-5,5 -trifluoromethyl diphenyl oxide; PCT/US94/01682
"-tri-fl ugoeartiayl - 2, 2' - di am no bi phenyl ; 2,4,6-trimethyl -1
- di am nobenzene; di am noant hr aqui none;

"-oxybis[2-trifluorone l,) hen ' ( ArdifBABdFhe method of Clain
' _oxybi s[ (3-t RPF1 ubr 6&59%% ?geéggggﬁ?%] ;g’cc K
"-thiobis[(2-trifl Egromet hyl ) benzenani ne]j ;
"-thiobis[(3-trifl Udronethyl)benzenam ne]j;
"-sul foxyl bi s[(2-trifluoromethyl)benzenanine];
"-sul foxyl bis[(3-trifluoromethyl)benzenani nej;
' -ketobis[(2-trifluoronethyl)benzenam ne]j;
"-[(2,2,2-trifluoronmethyl-1-(trifluoronethyl)ethylidine)bis
trifluoromethyl)benzenanine];

AR
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A ACE

dlneRhylétiVIbHEEGB trlﬁluoropethyl)benzeha#ine] <0

pref Vi edsatpomat peeedi-ani waseal e APB, and BAPP due )t
propdﬁlkes 1) 0016 pThes.. pohy%nid%s?ﬁbxane can bg nade,_ frp
si | o>ﬁane- GORL@} Niphg-dnnonei:geand..20 to_99 w % op-. orre&r{s
cont gi.p 5|Iqxanep.Pnege{aq1yhiJf i5 made- fromi{l to 30"t %

S|Iomane cont ai.ni ng- nnnqqugugng“]b to 99 mﬂ@brnnoners that do not contain
si | oxiane. - Gener al-+y; “Sterchi-ometrit quantiti esl df “dii dii iRFQRE T SH i de

are used to obtain p ane but The
equi valent ratio ofé%#%#hégﬁﬁée£$%§§#g§#%gfég%k§a%%%ég%on1g#géto 2: 1.
[0017] The polyi m desil oxanes are typically prepared in solution. The
solvent used to formthe s D t V1ot &% @Es4 | oxane nust, - of
course, dissolve the polylg%%%%gloggd o Qﬁé solvents depend upon the
particul ar Conp@ﬁl§'ih@@n@ioﬂh§e99£¥bnhge§hfQéﬁ@@l@@aﬁabé haveggngde and
di ssol ved, but may include N-nethylpyrrolidinone (NWVP), dlglyne triglyne,

cycl ohexangasylﬁy&égpfaiaﬂ@nﬁayérnehh&haﬁefamdé ofind gh¥tieesrelint hese
sol vent s he” sol vent preferab

In particular, it relates to a three-layer tape wherein a

polyimide carrier film is sandwiched between two
polyimidesiloxane adhesive layers.

In the electronics industry adhesive tapes are used for
a variety of purposes such as, for example, bonding a metal
lead frame to an integratgd circuit chip. Such tapes,
useful for 10OC (lead on chip) attachments, are required to
be of high purity, have excellent adhesive properties, and
be easy to apply using mass production technigques. Where
wire bonding is done after the LOC attachment, it is
desirable for the polyimidesiloxane adhesive to have a high
Tg, usually above about 150°C. Examples of adhesive
polyimides can be found in U.S. Patents 3,740,305 and
4,543,295. Also see U.S. Patent 4,480,009.

Scme LOC tapes make use of polyimides that are applied
as a polyaric acid layer to a polyimide carrier layer and
are then imidized. The imidization of a polyamic acid
results in the eveolution of water and solvent which can
cause blistering and a lack of uniform adhesion. A good
adhesive tape for use in the eiectronics and other
industries could be applied?with heat and pressure and

without the evolution of any volatiles.
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&
hﬁg a boiling point between 130 and 210C as | ower boiling solvents may
evaporate too readily fromthe conpl eted tape and hi gher boiling sol vents
may be too difficult to renove fromthe tape. The solution of the
pol yi m desi | oxane in the solvent can be any percent solids desired, but it
is preferably 10 to 30 wt0/0 solids as rore dilute solutions nean nore
sol vent to evaporate and nore concentrated solutions are too viscous. A
particularly preferred polyi m desil oxane adhesive is nade from ODPA, APB,
and Jerr] in NWP. [0018] The first reaction, which forns the polyamc
acid, occurs at roomtenper HEBIRELAO LN IMERRIYN, whi ch cl oses the
imde ring, occurs at a tenperature of 150 to 1800C. Typically, the

reaction nixtureThP€ Pelrirddesddararefodredt éni k@i PEOCKESpSNEmBE CARSHDr e
conpl ete descri e preparation ol ve sol u fully imdized

ti f th f - I,
t her nopl ast P& §gﬁéggygeﬁgF§PnFﬁg iPB%aﬁBgYCEﬁ Eggﬁguﬁﬁlgﬁ%SQS.u afPER{
4,973, 645. 019] Th i fil de_f t i
pol ymeric n%ggfigﬁ Fge%ﬁﬁéhg%ﬁékpgb§?%92§g'Foggnéogéﬁbgoﬁér2hyTﬁ;gggigneric
terial sh .h ffici I i t Lm i |
sol 1 on totoreibnEestdonabed hrBosotig’ BY) PRAESEPD n. A2 PR TP RIR e

prepared to,eghgnGRet NGradaesl eRef ot BEROLY! Brdefk! 8XaRAYHiHE or a

portion of the diamine contains siloxane groups. That is,

one uses either a dianhydride, a non-siloxane containing
diamine, and a siloxane containing diamine, or one uses a
dianhydride, a non-siloxane containing diamine, and a
siloxane containing dianhydride. It is preferable to use
siloxane containing diamines as they are more available and
have good properties.

The siloxane-containing compounds may be either
aromatic or non-aromatic, but non-aromatic compounds are
preferred as they are more readily available. Examples of

siloxane diamines that can be used include compounds having

the formula r R :L R
i {
HoN=R,TSi = 0 Si— R —NH;
R R
m

Examples of siloxane dianhydrides that can be used include

compounds having the formula

Q 7R R ]
{ PN
07 TR TSi- 0T Si—R; 0
N S I ! N~
R R ¢
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%uch preparation may include treatnent with a corona or with various

chem cals. Many types of carrier filnms are sold pretreated to increase
their adhesion. Preferably, the carrier filmis either an anorphous pol yner
with a T. greater than 150[err]C or a crystalline polymer with a nelting
poi nt greater than 1500C so that it can3easily withstand the bonding

condi tions. Exanples of such carrier filnms include polyimdes,

pol yi m desi | oxanes, pol yethyl ene terephthal ate, poly- etheretherketones,

pol ysul f ones, and pol yam des, gH&[f] SE @Iﬁ% Eﬁ‘w!@oq‘ref erred material for
the carrier filmis a polyim de. ' carrier filmcan vary
from13 to 254 pip ﬁ%@etaiggo%%éh QUEUFErhSrpE@B@EQDEYtQBQUbhzéht91§i-

[err]m (about 1 to out he tapes of this invention are
made by appb%h@Qté@StﬁQLUﬁhH? af rBeepel Mh&bé@é&boﬁamﬂﬁt enngenéa’era&ﬁ film
r Y,

and evaporating thé sol vent om the solution. Typical e carrier film
i's positionggdebentrgoahadl bytnblukethbeesolution bs oplLeddies. The
adhesive tape of this invention consists of a carrier layer
sandwiched between two fully imidized polyimidesiloxane
adhesive layers. Because the polyimidesiloxane adhesive
layers are fully imidized and are solventless, they do not
evolve water, solvent, or other volatiles when heat and
pressure are used to bond surfaces to the tape.

In order to manufacture this unusual tape, it is
necessary to form a solution of a fully imidized
polyimidesiloxane adhesive in a solvent. The solution is
then applied to the carrier layer and the solvent is
evaporated to form a fully imidized polyimidesiloxane.
Surprisingly, a fully imidized polyimidesiloxane édhesive
layer formed in this manner from solution without heat and
pressure will adhere to the carrier layer as a non-tacky
film, yet will flow and form a bond to other surfaces when
heat and pressure are applied.

We have also found that tapes prepared according to the
process of this invention have advantages over identical
tapes made by imidizing a polyamic acid layer on a carrier
layer. A major advantage of the tapes of this invention is
that they can be made rapidly since it is only necessary to
evaporate the solvent from the adhesive layer and it is not

necessary to imidize the adhesive layer.
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- 5 - over its upper surface with a doctor bl ade. The solvent is then
evapokiadred Had BRn Rélatdger filmis inverted, and the procedure is repeated.

This ¢ shed by hand or in an autonated process. O her nethods
of nag | tape, such as by dipping or running the carrier film
t hrou ' d f the polyini desil éxane foll owed by w ping and evap-

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. Examples of monoradicals include -CH,, ~-CF,,
~CH=CH,, =(CH,),CF,, —CgH;, —-CF;~CHF~CF,, and
-CH,~CH,~C-0~-CH,CF,CF,CF,. Examples of diradicals include

g

~{CH,) =, —(CK,),~, ~CF,~ and -C,H,~. Examples of triradicals

include ~CH-CH,~, —Ezizl: and \[:::I:

where n = 1 to 10 and m is 1 to 200, but is preferably 1 to
12. (Siloxane diamines are herein denocted by the notation
"G,".)
Any dianhydride may be used in forming the
polyimidesiloxane, 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-(37,4*~dicarboxyphenyl) S,6-dicarboxybenzimidazole
dianhydride;
2-{3’,4’~dicarboxyphenyl) 5,6-dicarboxybenzoxazole
dianhydride;

2-(3’,4’~-dicarboxyphenyl) 5,6~dicarboxybenzothiazole
dianhydride;

2,2",3,3’-benzophenone tetracarboxylic dianhydride;

This is the replacement sheel
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oration, are also contenpl ated. Repeated applications of the solution may

be requirkgshcti@iabBich eplgset he desired thickness of adhesive on the tape. The
a thickness of 2.5 to 127 [errim (0.1 to 5 mls) on
r filmand a preferred thickness is 13 to 25 gm (0.5

adhesi ve {IiEkik iEK:
each siddl |t i
to 1 mlsh each side. [0021] After fhe tape has been made and the

sol vent evaporated, the adhesive surfaces are no longer tacky and the tape
Gesi red oi%e diip 4 TP SHATERS T FE AR L0.58 DA e fnd pressed
ressur e o b A TP RHeL 0 Ko 00 PR L T T T D Bod
deconds. TodSay A TSR Vhe ape ar By Uk AT ofen T 10

applicati%ﬂ§’3Lh%’9@fﬁﬂéﬁyl‘Eﬁ%f§§§fﬂguf¥fgjéfﬁﬁﬁﬁgﬁﬂQQB of this invention

is to bond ‘cdripdnents i n the m croelectronics in y. ‘Such uses incl ude

rames. | o e g e L s e B i pe to heat
spreaders.pjcyclo-[2,2,2]-octen-(7)-2,3,5, 6~tetracarboxylic-2,3,5, 6~

dianhydride;

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 oxydiphthalic
anhydride (ODPA);

bis (3,4~dicarboxyphenyl) thiocether dianhydride;

bisphenol A dianhydride;

bisphenol § dianhydride;

2,2-bis (3,4-dicarboxyphenyl) hexafluoropropane dianhydride
or 5,5-[2,2,2-trifluoro~1-(trifluoromethyl)}ethylidene]
bis~1,3~isobenzofurandione) (6FDA);

hydroquinone bisether dianhydride;

bis (3,4-dicarboxyphenyl) methane dianhydride:

cyclopentadienyl tetracarboxylic acid dianhydride;

cyclopentane tetracarboxylic dianhydride;

ethylene tetracarboxylic acid dianhydride;

This is the replacement sheet
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P%OZS]THhsw&@LJQE Xanples further illustrate this invention. Exanple 1

[0024] lace 3 neck flask equi pped with overhead stirrer,
therm) ’ﬁ k trap, and nitrogen inlet on top of the condenser
was adde iy NVP and 750 n1II|I|ters of toluene. To this flask,

with stirring, was added 503.64 grams(~ 1 62 nol es) ODPA and then 24 grans
(.096 nole) GL and 96 granms (.114 nole of siloxane diamne with average
nol ecul ar wei ght = 841) (3. The reaction was stirred four hours and then
577.92 granms (1. 41 nol es) BAPP was added. The reaction was stirred

over ni ght aRPBHET R addr, L OFRHHRaFaTHersl ot avi vkl 4 gr ans DABCO was

added. The reacti wWas hea o eflux and wat er renpved. The refl ux was
mai nt ai ned ﬁHquéﬁiﬁ%%QMqﬁ? (gﬁhé m¥Y4t ure gradual Iy increasing from

Femoved dur (95 SHNE REMTSE, TR C%%%"it - R e BT o0t o remove
about 35 - @%%5ycﬁﬂﬁ.%qéﬂﬂyﬁrﬂﬂf reaction m xture

The anhydrides can be used in their tetraacid form or
as mono, di, tri, or guatra esters of the tetra acid, but
the dianhydride form is preferred because it is more
reactive.

The preferred dianhydrides are ODPA, BPDA, BTDA, 6FDA,

! and PMDA or mixtures thereof, as these dianhydrides are
readily available and have been found to give superior
properties. The most preferred dianhydride is ODPA because
it gives a polyimidesiloxane having better adhesion and good
flexibility.

The non-siloxane containing diamine should be aromatic
as those diamines give the best properties. Examples of
suitable aromatic diamines include
m~ and p-phenylenediamine;
2,4-(TDA), 2,5~ and 2,6-diaminotoluene;
p~ and m-xylylenediamine;
4,4’-diaminobiphenyl;
4,4’-diaminodiphenyl ether or 4,4’-oxydianiline

3,4'-cxydianiline (ODA):
4,4’~diaminobenzophenone;

3,3, 3,47, or 4,4-diaminophenyl sulfone or m,m~, m,p- or

p,p- sulfone dianiline;

4,4’~diaminodiphenyl sulfide;
This is the replacement sheet
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was c&@iss%etms@bégq{tepg% err]C and precipitated into water. The ni xture was
fllter TUrried in deionized water and refiltered. The

pr eci pi w ,Hgmd“ ed at 105[err]C for three days. Exanples 2 - 7

[ 0026] 'repeat ed using di ffer ent nononers. The follow ng table

summari zes the preparation of these pol y| m desi | oxane adhesi ves: [0026] The
A ass Transition Tenperature Tg was determ ned by Dynam ¢ Mechani cal

i 51 pat  one Tan 6t &t pedkats {[‘gdié%%@ﬁ*ge?é R e
node at 1 Hz. di anlllﬁéa D anhydri de (pbw) D am ne (pbw)
Si | oxane Di am ne %pbmo Tg/[err]C
3,3’-dimethylbenzidine;
4,4’ ~isopropylidenedianiline;
1,4-bis(p-aminophenoxy)benzene;
1,3-bis(p~aminophenoxy)benzene;
4,4’—bis(4—aminophencxy)biphenyl;
1,3-bis(3~aminophenoxy)benzene (APB):;
2,4~diamine-5-chlorotoluene;
2,4~diamine-6~chlorotoluene;
2,2-bis~4[4—amin6phencxy]phanyl propane (BAPP):;
trifluoromethyl-2,4~-diaminobenzene;
trifluoromethyl-3,5~diamincbenzene;
2,2’~bis(4-aminophenyl) ~hexafluoropropane;
2,2-bis(4-phenoxy aniline) isbpropylidene:
2,4,6~-trimethyl~-1,3~diaminobenzene;
4,4’~diamino-2,2/~trifluoromethyl diphenyloxide
3,3’-diamino~-5,5’~trifluoromethyl diphenyloxide;
4,4’~tri-fluoromethyl~2,2’~diamino biphenyl:;
2,4,6-trimethyl~1,3~diaminocbenzene;
diaminoanthraguinone;
4,4'-oxybis[2-trifluoromethyl)benzenamine] (1,2,4~O0BABTF);
4,4’~oxybis[ (3-trifluoromethyl)benzenamine];
4,4'~thiobis{ (2-triflucromethyl)benzenaminej;
4,4’~thiobis{ (3-trifluoromethyl)benzenamine];
4,4’-sulfoxylbis[(2-trifluoromethyl)benzenaminej;
4,4’-sulfoxylbis((3-trifluoromethyl)benzenamine];

4,4'~ketobis{(2—trifluoromethyl)benzenamine];

This is the replacement sheet
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1 Thh§ﬂ'€’tl~§1§18cm 577.92 BAPP 24 Gerr] + 96 GO (MN= 841)

208 ‘d“‘d 490. 8 CDPA 610. 4 BAPP  100.28 GL3 (MW
ll" 3 71.95 CDPA +34.42 6FDA  28.36 TDA

67. 7 841) 215 4 38. 93 ODPA

23. 65 APB 37.5 Gerr] (MV= 841) - 8 - 124 5 241. 16

BTDA 63.91 TDA 194.93 derr] (MN= 867) 185

6 45.7 BPDA 40.8 APB 1.0 Gerr] + 10.0 Gerr] (MN=

841) 1878¢clids ag more digptg5se@pglons mean morgsSgAvepx to 311. 21

err MV = nple 8 002 The pol yi m desi.| oxane of
E&anp}é 1 ﬁ&%pﬂE%F%da?ﬁ H?FFOS@HC§th§§e eFP;%FF8P525r%oGP§ ¥4SFRBBease the

Through a 5 PEFFHarEat ¥1aERTRPFER: PPy abar R s P Earyoof Sgnate
gh a [
from ODPA, APB, and G, in NMP.

The first reaction, which forms the polyamic acid,
occurs at room temperature and the second reaction, which
closes the imide ring, occurs at a temperature of about 150
to about 180°C. Typically, the reaction mixture is refluxed
several hours to imidize the polymer. A more complete
description of the preparation of solvent-soluble fully
imidized thermoplastic adhesive polyimidesiloxanes can be
found in U.S. Patent 4,973,645, herein incorporated by
reference.

The carrier film can be made from almost any organic
polymeric material to which the polyimidesiloxane can
adhere. The polymeric material should have sufficient
solvent resistance to the polyimidesiloxane solution to
prevent its dissolution. The surface of the carrier film
can be prepared to enhance the adhesion of the
polyimidesiloxane to it. Such preparation may include
treatment with a corona or with various chemicals. Many
types of carrier films are sold pretreated to increase their
adhesion. Preferably, the carrier film is either an
amorphous polymer with a T, greater than 150°C or a
crystalline polymer with a melting point greater than 150°C
so that it can easily withstand the bonding conditions.
Examples of such carrier films include polyimides,
polyimidesiloxanes, polyethylene terephthalate,

This is the replacement shect
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sol ution having 21% by wei ght solids and a viscosity of 9.5 Pa[err] (95

p0|serS$hﬂ$h§&kaé s further diluted with about 100 cc of NWP to
decrea hen used to coat Upilex SGA polyimde (from Ube).
Thisp mm edlna305cm(12") width and 51 [err]m (2 ml)
t hi ckness 1 n m The pol yi m de-sBeet was passed through a two roll

polyetheretherketones, polysulfones, and polyamides, such as
nylon 66. The preferred material for the carrier film is a
polyimide. The thickness of the carrier film can vary from
about 1/2 to about 10 mils, but it is preferably about 1 to
about 2 mils thick.

The tapes of this invention are made by applying the
solution of the polyimidesiloxane to the carrier film and
evaporating the solvent from the solution. Typically, the
carrier f£film is positioned horizontally while the solution
is spread over its upper surface with a doctor blade. The
solvent is then evaporated, the carrier film is inverted,
and the procedure is repeated. This can be accomplished by
hand or in an automated process. Other methods of
manufacturing the tape, such as by dipping or running the
carrier film through a solution of the polyimidesiloxane
followed by wiping and evaporation, are also contemplated.
Repeated applications of the solution may be required to
build up the desired thickness of adhesive on the tape. The
adhesive layer can have a thickness of about 0.1 to about 5
mils on each side of the carrier film and a preferred
thickness is about 0.5 to about 1 mils on each side.

After the tape has been made and the solvent
evaporated, the adhesive surfaces are no longer tacky and
the tape can be rolled up and stored for use. During use
the tape is cut to the desired size and the surfaces to be
bonded to it are heated and pressed against it. Typically,
a temperature of about 200 to about 350°C is used and a
pressure of about 10 to about 200 psi. The tape forms a

This is the replacement She.
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6 coat e gheet! n
and a kdm m § t hi ckness and then through a two zone heated oven
with zo . orty feet) length) set at 93[err]C and zone 2 (33.5 m

(one hundred and ten feet) length) set at 177[err]C. The polyi m de was
coated at a rate of 7.6 m (25 feet) perifinute. After the first side was
coated, the single sided sheet was passed through the coater a second tine

d h d ' im.d h_sid | h
pol Sfrﬁdis.a%s‘?aﬁﬁ@b'ﬁ °”S%eg%eve 1?%%%%%%%%‘22 58 nESchietonlicas
[err]m (3.6 g1|§g$%ﬁ£%gﬂ@l + ? 3€h$?88ﬁ Lm desil oxane of Exanple 2

e 30 I on

was di ssol ved- and 't ere through a 5 [err]mcartridge
Although the tape can be used for many different

H@a trough contai ning the polyimdesil oxane sol ution

applications, the principal use contemplated for the tape of
this invention is to bond components in the microelectronics
industry. Such uses include bonding metal lead frames to
integrated circuit chips, chips to lead frames, lead frames
to each other, chips to chip carriers and chips to heat
spreaders.

The following examples further illustrate this
invention.

Example 1

To a dry 12 liter 3 neck flask equipped with overhead
stirrer, thermometer, Dean-Stark trap, and nitrogen inlet on
top of the condenser was added 5 liters dry NMP and 750
milliliters of toluene. To this flask, with stirring, was
added 503.64 grams( 1.62 moles) ODPA and then 24 grams (.096
mole) G, and 96 grams (.114 mole of siloxane diamine with
average molecular weight = 841) G;. The reaction was stirred
four hours and then 577.92 grams (1.41 moles) BAPP was
added. The reaction was stirred overnight and the next
day, 250 milliliters of NMP and 18 grams DABCO was added.
The reaction was heated to reflux and water removed. The
reflux was maintained for 4 hours with the pot temperature
gradually increasing from about 155°C to about 172°C. About
120 cc of an aqgueous phase was removed during this period.
After this time, vacuum was applied to remove about 35 - 40%

of the solvent. The reaction mixture was cooled to about

This is the replacement sheet
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filter ﬁugsgei ve about 3.5 liters of a solution having 16% by wei ght solids
f Bahkgmg“Pa s (9.0 poise). This polyimdesil oxane was used as

and a vi?

in Exand pol yi m de coated on each side with the

pol yimd /ﬂ?’gxarrpl e 2. The total thickness of the sheet was 91
[err]m (3.6 m|s). anple 10 [0029]- Tie -pol yi m desi | oxane of Exanple 3
was heated at 200[err]C for 19 hours to increase the nolecular weight and

then dissolved in NWP and the solution filtered through a 5 [err]m
cartridge filter to give about 3.5 liters of a solution having 24% by

vei ght sol ig@e caR@ldd preeapSithtedl ihtid 2l r] 1he 2ik@uge) waBlifdltered,
pol yi m desi | oxane was used as in Exanple 8 to give a polyimde coated on
each side walshetihe rpalinrmiidesiinoxaiiemifzdXamtes AndThe ftiattalreidhi ckmess of

the sheet was 91 [err]m (3.6 mls).
precipitate was then dried at 105°C for three days.

Examples 2 - 7
Example 1 was repeated using different monomers. The
following table summarizes the preparation of these
polyimidesiloxane adhesives:
The Glass Transition Temperature Tg was determined by
Dynamic Mechanical Thermal Analysis (DMTA). The Tg is taken
as the temperature at which the dissipation Tan delta peaks

at a heating rate of 4C/min in tension mode at 1 Hz.

Exam | Dianhydride (pbw) Diamine Siloxane Diamine {pbw) Tg rPC
ple (pbw)
1 503.64 ODPA 577.92 BAPP | 24G, + 96 G, (MW=2841) 208
2 490.8 ODPA 610.4 BAPP | 100.28 G,; (MW=1108) 227
3 71.95 ODPA 2836 TDA | 67.73 G, (MW=841) 215
+ 34.42 6FDA 23.65 APB 37.5 G, (MW=841) 124
4 38.93 ODPA 63.91 TDA | 194.93 G, MW =867) 185
5 241.16 BTDA 40.8 APB 1.0G, + 10.0 G, (MW=841) 187
6 457 BPDA " -~} 2L64TDA | 31121 G, (MW=2860} £2
7 167.15 ODPA '

This is the replace.n=nt sheei
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7
Exanple 11 [0030] The polyim desil oxane of Exanple 4 was dissolved in
cyc| BicShagnes |ve a form a honbgeneous but hazy sol ution containing 25%

0
by we 'élR% FFips of PET (pol yethyl eneterephthalate) film 127 [err]m
(5 m ’/Hm& M about 1.3 cm (0.5 inch) wi de were dipped in the pol yner
solution't up to drain off and ®r-dry for 5 days. The coated film

was about 160 [err]m (6.3 mls) thick. Exanple 12 [0031] A nylon 6-6 filtm

which is about 102 [err]m (4 m|s) tEiCkWPS &oated as in exanple 11. The
ck.

coated fil mwas about 152 [err]m (6
The polyimidesiloxane of Example 1 was heated in

nitrogen at 190°C for 15 hours to increase the molecular
weight and then dissolved in NMP and the solution filtered
through a 5 micron cartridge filter to give about 3.5 liters
of a solution having 21% by weight solids and a viscosity of
95 poise. This solution was further diluted with about 100
cc of NMP to decrease viscosity and then used to coat Upilex
SGA polyimide (from Ube). This polyimide was used in a 12"
width and 2 mil thickness in roll form. The polyimide sheet
was passed through a two roll coater equipped with a trough
containing the polyimidesiloxane solution and a knife to
control thickness and then through a two zone heated oven
with zone 1 (forty feet length) set at 93°C and zone 2 (one
nundred and ten feet length) set at 177°C. The polyimide
was coated at a rate of 25 feet per minute. After the first
side was coated, the single sided sheet was passed through
the coater a second time under the same conditions to give a
polyimide coated on each side with the polyimidesiloxane of
Example 1. The total thickness of the sheet was 3.6 mils.
Example S

The polyimidesiloxane of Example 2 was dissolved in NMP
and the solution filtered through a 5 micron cartridge
filter to give about 3.5 liters of a solution having 16% by
weight seolids and a viscosity of 9.0 poise. This
polyimidesiloxane was used as in Example 8 to give a
Polyimide coated on each side with the polyimidesiloxane of
Example 2. The total thickness of the sheet was 3.6 mils.

Ttus is the replacement shaet
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Exanpl e 13 (00321 The pol yi m desil oxane of Exanple 5 was dissolved in
cycloﬁémammnemh&ﬂme e solution containing 25% by weight solids. A strip

of 51 [ thlck Kapton H was dipped in the solution and allowed
to drai ted strip was then dried in a 150[err] C oven for about
1 hour.

‘Imwas about 102 FErtIm (4 nmils) thick. Exanple 14
[ 0033] The polylnlde5|loxane of Exanple 6 was dissolved in NMP to give a

sol ution containing 25% by wei ght seli.dsiAgtrip of 51 [err]m (2 mls)
igﬁPénf)"

thick polyimde film (Kapton H from was di pped in this solution and
al l owed to draifnef fodpindlibs diyxaht ¥@Spdahglef ur{Ber nbAtaa200[2061& oven

for about 1 hour.

for 19 hours to increase the molecular welght and then
dissolved in NMP and the solution filtered through a 5
micron cartridge filter to give about 3.5 liters of a
solution having 24% by weight solids and a viscosity of 7.5
poise. This polyimidesiloxane was used as in Example 8 to
give a polyimide coated on each side with the
polyimidesiloxane of Example 3. The total thickness of the

sheet was 3.6 mils.

Example 11

The polyimidesiloxane of Exaﬁple 4 was dissolved in
cyclohexanone to give a form a homogeneous but hazy solutien
containing 25% by weight solids. Strips of PET
(polyethyleneterephthalate) film 5 mils thick and about 0.5
inch wide were dipped in the polymer solution then hung up
to drain off and air dry for 5 days. The coated film was
about 6.3 mils tﬁick.

Example 12

A nylon 6-6 f£ilm which is about 4 mils thick was coated

as in example 11. The coated film was about 6 mils thick.
Example 13

The pclyimidesiloxane of Example 5 was dissolved in
cyclohexanone to give a solution containing 25% by weight
solids. A strip of 2 mil thick Kapton H was dipped in the
solution and allowed to drain off. The coated strip was
then dried in a 150 C oven for about 1 hour. The coated film
was about 4 mils thick.

This is the replacement sheet
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éxanple 15 [0034] Exanple 14 was repeated except that 25 pm (1 ml) thick
Kapton H was used. Exanple 16 [0035] The pol yi m desil oxane of Exanple 6
was di'@?@hq‘eeﬂasiseendie%ééﬁe to give a solution containing 40 % by wei ght

sol i ds. | I i} igpmyjvas filtered through a 10 micron filter and then a 1
[err]n1H Gl dﬂ of Kapton H, 5.9 éth (2 5/16 inches) wide and 51
S )

[errfm (2 m and about 15 cm (6 inches) |ong were passed through
t he above solution and hung up to aiExg%¥IEOE4several days.

The polyimidesiloxane of Example 6 was dissolved in NMP
to give a solution containing 25% by weight solids. A
strip of 2 mil thick polyimide film (Kapton H from DuPont)
was dipped in this solution and allowed to drain off and air
dry. It was dried further in a 200°C oven for about 1 hour.

Example 15

Example 14 was repeated except that 1 mil thick Xapton

H was used.

Example 16

The polyimidesiloxane of Example 6 was dissolved in
diglyme to give a solution containing 40 % by weight solids.
The solution was filtered through a 10 micron filter and
then a 1 micron filter. Strips of Kapton H, 2 5/16 inches
wide and 2 mils thick and about 6 inches long were passed
through the above solution and hung up to air dry for
several days.

Example 17

A strip (about 1 cm? ) was cut from the cocated tape of
Example 8 and placed between a strip of alloy 42 metal and
the coated side of a piece of silicon wafer precoated with a
PMDA-ODA polymer. (This precoating was done by spinning a
solution of 0.17 % 3-aminopropyltriethoxysilane on a 4 inch
silicon wafer for 30 seconds at 5000 rpm, then a 15 %
solution of PMDA~ 4,4'ODA polyamic acid in 75/25 NMP/xylene
for 30 seconds at 3000 rpm and drying at 5° C/minute to 350°
C/60 minute in a nitrqgen atmosphere). The assembly was
placed on a hot plate at 275°'C and with no pressure for 10

T s e renlacs Tant snge
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Wl s

4,4-[(2,2,2-triflucromethyl-1-(trifluorcomethyl)~
ethylidine)bis(3-trifluoromethyl)benzenamine];
4,4’-dimethylsilylbis([(3~triflucoromethyl)benzenamine].

The preferred aromatic diamines are TDA, APB, and BAPP
due to their excellent properties.

The polyimidesiloxane can be made from about 1 to about
80 wt% siloxane~containing monomers and about 20 to about 99
wt% monomers that do not contain siloxane. éreferably, it
is made from about 1 to about 30 wt$% siloxane-~containing
monomers and about 70 to about 99 witi meonomers that do not
contain siloxane. Generally, stoichiometric quantities of
diamine and dianhydride are used to obtain the highest
molecular weight polyimidesiloxane but the equivalent ratio
of dianhydride to diamine can range from 1:2 to 2:1.

The polyimidesiloxanes are typically prepared in
solution. The solvent used to form the solution of the
pelyimidesiloxane must, of course, dissolve the
polyimidesiloxane. Suitable solvents depend upon the
particular composition of the polyimidesiloxane that is to
be made and dissolved, but may include N-methylpyrrolidinone
(NMP), diglyme, triglyme, cyclochexanone, cyclopentanone,
dimethylacetamide, and mixtures.of these solvents. The
solvent preferably has a boiling point between 130 and 210°C
as lower boiling solvents may evaporate too readily from the
completed tape and higher beoiling solvents may be too
difficult to remove from the tape. The solution of the
polyimidesiloxane in the solvent can be any percent solids

desired, but it is preferably about 10 to about 30 wt$%
This is the replacement siio¢
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si de of i con wafer precoated with a PVMDA- ODA polynmer. (This
precoat i spinning a solution of 0.17 %
3-an1nopropy|tr|ethoxy5|Iane on a 10 cmi#® -4 nch) silicon wafer for 30
seconds at 5000 rpm then a 15 % sol ution of PMDA- 4,40DA polyamc acid in
75/ 25 NWP/ xyl ene for 30 seconds at 3000 rpm and

#
Bxanpl ._ L0036 A strip (about 1 cnferr]) was cut fromthe coated tape
of Exa fﬂ between a strip of alloy 42 netal and the coated

seconds. Then 5.5 pounds of pressure was applied for 10
seconds and the assembly was removed and the adhesion tested
on a HMP model 1750 die shear tester. Four assemblies were
tested and averaged to give a shear adhesion of greater than
25 kg/cm?.
Examples 18 - 25
Example 17 was repeated using the tape of Examples 9 to

16. The following table gives the results:

Example Tape from Hot Plate Shear Adhesion
Example Temperature (°C) (kg/cm?)
17 8 275 >25
18 g 350 >25
19 10 275 : >25
20 11 225 >25
21 12 225 >25
22 13 275 >25
22A 13(A)! 275 >25
22B 13 (B)? 275 >25
23 14 275 >25
24 is 275 >25
25 i6 250 >25

Same as Example 13, hut between copper and an uncoated
silicon wafer.

Same as Example 13, but between ceramic and an uncoated
silicon wafer.

These examples demonstrate that the trilayer films of

this invention can be used to form strong bonds between

various surfaces.

ThmisihereMacementsheat
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jpdrying at 5 Cmnute to 350[err] C 60 mnute in a nitrogen atnosphere). The
assenbl | aced on a hot plate at 275[err]C and with no pressure for 10
second%yﬂﬁ mﬁ”wlﬂﬂ 5 pounds) of pressure was applied for 10 seconds
and thes« 10ah) noved and the adhesion tested on a HW nodel 1750
di e shear tester. Fouf assenblies werelf’ested and averaged to give a shear

adhesi on of greater than 25 kg/cnR2. Exanples 18 - 25 [0037] Exanple 17
was repeated using the tape of Exanples 9 to 16. The foll owi ng table gives

the results: Exanpl e Tape from Exanple Hot Pl ate Tenperature
([err]C) Shear Adhesion (kg/cnR) 17 8

275 >25 18 9

350 WE CLAIM: >25

1. An adhesive tape comprising a carrier film sandwiched
between two layers of fully imidized thermoplastic
polyimidesiloxane adhesive.

2. An adhesive tape according to Claim 1 wherein said
carrier film is selected from polyimide,
polyimidesiloxane, polyethylene terephthalate, and
polyamide.

3. An adhesive tape according to Claim 1 wherein said
carrier f£ilm is polyimide.

4. An adhesive tape according to Claim 1 wherein said
carrier film is about 1/2 to about 10 mils. thick.

5. An adhesive tape according to Claim 1 wherein said
polyimidesiloxane adhesive comprises the reaction
product of an aromatic dianhydride, a non-siloxane
containing diamine, and siloxane containing diamine.

6. An adhesive tape according to Claim 5 wherein said
siloxane diamine comprises about 1 to about 70 wt$ of
said polyimidesiloxane.

7. An adhesive tape according to Claim 5 wherein said
aromatic dianhydride is selected from the group
consisting of benzophenone tetracarboxylic acid
dianhydride, oxydiphthalic anhydridé, biphenyl
dianhydride, 6FDA, pyromellitic dianhydride, and

mixtures thereof.

This Sheet Has Been Replaced 1.3 is the replacement sheet
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>25

3 gy

22 13 "0275 >25
22A 13(A) [err] T % 275 >25
22B 13(B)2 275 >25
23 14 275 said >25
24 8. Ag5adhe51ve tape accordlngng Claim 7 wherein >25
25 >25

[err] Same as E§5ﬁ5F8133dlﬁﬂPY8€%ﬁ§eﬁsc8§§éﬁp§ﬁﬂa&ﬁcuﬁ88395& Silicon wafer.
2 Same as pxanphg %éheQY%ebELSSchEO aThg and 30 suneoated §il kgeg wafer.

aromatic diamine is selected form the group consisting
of toluene diamine, 1,3-bis{3-aminophenoxy)benzene, and
2,2-bis(4[4~-aninophenoxyjphenyl) propane..

10. An adhesive tape according to Claim 5 wherein said

siloxane diamine has the formula

—R “F:\
{
H,N-R,TSi~ 0 Si—Rj—NHj
2NN T; |
R
m

where R is a monovalent radical and R, is a divalent
radical and each R and R, are independently selected
from substituted or unsubstituted 1 to 12 carbon atom
aliphatic group and substituted and unsubstituted 6 to
10 carbon atom aromatic group and m is 1 to 200.

11. An adhesive tape according to Claim 10 wherein said
aromatic dianhydride is oxydiphthalic anhydride, said
non-siloxane containing diamine is 1,3-bis({3-
aminophenoxy)benzene, "m" in the formula for said
siloxane diamine is 9, and said solvent is N-
methylpyrrolidinone.

12. A method making an adhesive tape comprising
A. forming a solution in a sclvent of a fully

imidized peolyimidesiloxane;
B. applying said solution to both surfaces of a

carrier film; and
This Sheet Has Been Replaced
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[0038 These exanpl es denpnstrate that the trilayer films of this invention

imﬁﬁﬁiwioﬁmmmmng bonds between vari ous surfaces.

c. evaporating the solvent from said solution.

13. A method according to Claim 12 wherein said solution is
applied first to one surface of said carrier f£ilm and
the solvent is evaporated and then said solution is
applied to the other surface of said film and then the
solvent is evaporated.

14. A method according to Claim 12 wherein said solution of
polyimidesiloxane is formed by dissolving in said
solvent an aromatic dianhydride, a non-siloxane
containing diamine, and a siloxane containing diamine,
heating said solution to form a polyamic acid, and
further heating said solution to form a
polyimidesiloxane.

15. A method according to Claim 12 wherein the beoiling
point of said solvent is about 130 to about 210°C.

16. A method according to Claim 12 wherein said solution is
about 10 to about 30 wti solids.

17. 2 method according:to Claim 12 including the additional
last step of placing said adhesive tape between two
surfaces and pressing two said surfaces together at a
temperature of about 200 to about 350°C at pressure of
about 10 to about 200 psi for about 1 to about 30
seconds.

18. A method according to Claim 17 wherein said surfaces
are a metal lead frame and an integrated circuit chip.

19. A method according to Claim 12 including the additional

last step of rolling said tape up.

LTI T 1 ihe replaceme; sn
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3-8- .. dains Clains for the following Contracting States: DE, FR, GB
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20. A rolled up tape made according te the method of Clajp

19.
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1. An adhesive tape conprising a carrier filmsandw ched between two | ayers
of fully imdized thernoplastic polyim i desi | oxane adhesi ve,
characterized in that the adhesive tape is rolled up. 2. An adhesive tape
conprising a carrier filmsandw ched between two |layers of fully imdized
t hernopl astic polyim i desi | oxane*adhesive with the provi so that an
adhesi ve tape wherein an adhesive obtained by reacting at | east one of
the follow ng acid conponents: 4, 4" -oxydi phthalic acid

di anhydri de, 3,3 oY ﬁ;@ﬁ@%lr i i i de and/ or

3,3 ,4,4" -benzo- TR ﬂ%ﬁ%%ﬁ%‘?@t&racar oxy #cﬁ%%%dﬁdﬁan %ri de,
1,2,4,5-benzenetetracarboxylic acid dianhydride (PMDA), 2,2'-bis

(4- (3, 4-di car boxyphenyl ) phenyl ) pr opgeer@aer

3,3',4, 4" -di phenyl sul fonet at racar boxyli ¢ aci d di anhydri de, wi th at
| east one of the follow ng am ne conponents: a sil oxane conpound

represented by theifeibsstingigenat aladissina (t@pand/aprising a
2, 2- bi s(4- (4-am nophenoxy)
carrier film sandwiched between two layers of a fully
imidized thermoplastic polyimidesiloxane adhesive.
The tape is made by forming a solution in a solvent of
a fully imidized thermoplastic polyimidesiloxane

adhegive, applying said solution to both surfaces of

a carrier £ilm, and evaporating the solvent.
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p_henyl')propane [err]
bi val ent aliphatic (Cferr]-C4) or aromatic group; R['e/r'r]P

and R err]

are each a R
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THREE-LAYER POLYIMIDESILOXANE ADHESIVE TAPE j
P

Description

Background of the Invention

{0001] This invention relates to an adhesive tape having a polyimidesiloxane layer on either side of a carrier film. In
barticular, it relates to a three-layer tape wherein a polyimids carrier film is sandwiched between two polyimidesiloxanse
adhasive layers.

[0002] In the slectronics industry adhesive tapes are used for a variety of purposss such as, for example, bonding
a metal lead frame to an integrated circuit chip. Such tapes, useful for LOC (lead on chip) attachments, are required
1o be of high purity, have excellent adhesive properties, and be easy to apply using mass production techniques. Where
wire bonding is done after the LOC attachment, it is desirable for the polyimidesiloxane adhesive to have a high Tg,
usually above about 150°C. Examples of adhesive polyimides can be found in U.S. Patents 3,740,305 and 4,543,255,
Also see U.S. Patent 4,480,008.

[0003] US-A-5,091,251 discloses an adhesive tape which consists essentially of a heat-resistant substrate consisting
of a heat-resistant adhesive layer and a heat-resistant film, a copper foil provided on the heat-resistant adhesive layer
of the substrate, and a B-stage cured heat-resistant resin adhesive layer and a removable protective film provided
successively on the other sids of the heat-resistant film.

[0004] EP-A-0 598 911 relates to a film adhesive comprising, as the main constituent, a polyimide resin having a
glass transition temperatura of 350°C or lower and soluble in organic solvents, which polyimide resin is obiained by
reacting at least one of the following acid components (A) and (B)

{A) 4,4'-oxydiphthalic acid dianhydride
{B) 3,3,4,4-biphenylhetracarboxylic acid dianhydride and/or 3 34,45 benzophencnetetracarboxylic acid dianhy-
dride

with at least one of the following amine components (C) and (D)

{C} a siloxane compound represented by the following general formula (1) andfor 2,2-bis(4-{4-aminophenoxy)
phenyl)propane

Ry 1115
HzN"'R1 ?i - ?i ~R2"NH2 ( 1 Y
Re /% Rg

wherein R, and R, are each a bivalent aliphatic (Cy.4) or aromatic group; Rg, Rs, Rg and Rg are each a mono-
valent aliphatic or aromatic group; and k is an integer of 1-20,
(D) bis(aminophenoxy)benzene and/or dimethylphenylene-diamine

to give rise to ring closure of imide. This documant is a document in tha sense of Art. 54(3) EPC and only relevant for
the designated states DE, FR and GB. Therefore, the present invention comprises two claims sets.

[0005] Some LOC tapes make use of polyimides that are applied as a polyamic acid layer toa polyimide carrier layer
and ara then imidized. The imidization of a polyamic acid resuits in the evolution of water and solvent which can cause
blistering and a lack of uniform adhesion. A good adhesive tape for use in the slectronics and other industries could
be applied with heat and pressure and without the evolution of any volatiles.

Summary of the invention

[0006] We have discoverad a superior adhesive tape which will bond together many diferent materials using only
heat and pressura and without the evolution of volatiles, The adhasive tape of this invention consists of a carrier fayer
sandwiched between two fully imidized thermoplastic polyimidesiloxans adhesive layers as specified in the claims.
Becauss the polyimidesiloxane adhesive layers are fully imidized and are soiventiess, they do not evolve water, solvent,
or other volatiles when heat and pressure are used to bond surfaces o the tape.

[0007] In orderto manufacture this unusual tape, it is necessary to form a solution of a fully imidized polyimidesiloxane
adhesive in a solvent. The solution is then applied to the carrier layer and the solvent is evaporated to form a fully
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nono- val ent ali phatic or aromatic group; and k is an integer of 1-20,
bi s(am nophenoxy) benzene and/ or di met hyl phenyl ene-di am ne,

4, 4" -di am nodi phenyl ether (4,4 -DDE), 3,3'- di am nodi phenyl et her
(3,3 -DDE), 3,4'-diam nodi phenyl ether (3,4 -DDE), REPLACEMENT SHEET
4, 4" - di am nodi phenyl sul fone (4, 4'- - 2 - DDS), )

3, 3' -di am nodi phenyl sul fone (3, 3" -DDS),

2,2-bis- 4 egw}ﬁ&%s o%é%fulpHéMg%ﬁ&Pm a@gﬁﬁ%ﬁsua&ngaﬁéﬁle layer tormed in this manner from
4-am nOph%ﬁW\mﬂ&ﬁy at B l;sUQr\nﬂQBlQWﬁe s a non-tacky film, yet will flow and form a bond to

bi s- 4- (4- aFbrRERERNAXINERABNYES UL §0BRIdBAPS) | bl s-4-

( 3- am nopiecey X We pherkb suhd bn pbéLARSb accdidg to tHeqracste bianiz andnlidncheve(DABBHs over

m pheny| eedica rpesenadp bplrdlizing a polyamic acidydyerv@dh caniemiayer A major advantage of the tapes of this

4, 4' - di aminvetingtes frenean hamede (DOY)sinesrit iPonky nekiessaiy totvertoméariee saient iqupihe astiestym lakmst h
si des of 8"““‘5“0‘“90953%‘?|“““§49‘@@H@F'ﬁ‘ﬁﬁg of a polyimide filmor a biaxially

stretched Qol &lensgig‘r mtln T I s excl uded. 3. An adhesive tape according to
Clalmlo_ : carrier filmis selected from polyim de,
p0| yrm deﬁl%é?xm%olyimidesil&g}we\é%géaw tWocE&%ﬁméJﬂﬁhﬁﬁiginve%q S ln&{%mj gﬁully imidized but

must also be thermoplastic and soluble in a solvent. Polyimidesiloxanes are formed by reacting a dianhydride with a
diamine, where either a portion of the dianhydride or a portion of the diamine contains siloxane groups. That is, one
uses either a dianhydride, a non-siloxane containing diamine, and a siloxane containing diamine, or one uses a dian-
hydride, a non-siloxane containing diamine, and a siloxane containing dianhydride. It is preferable to use siloxane
containing diamines as they are more available and have good properties.

[0010] The siloxane-containing compounds may be either aromatic or non-aromatic, but non-aromatic compounds
ars preferred as they are more readily availabie. Examples of siloxane diamines that can be used include compounds
having the formula

R
HoN-RTSi = 0~ Si— R —NH,
R R
m

Examples of siloxane dianhydrides that can be used include compounds having the formula

e = R {S:’
. C.
07 "R §1-o Sz-—-R?_ ”;o
0 m o)

whers R, Ry, and R, are mono, di, and triradicals, respectively, each independently selected from a substiluted or
unsubstituted 1 to 12 carbon atom aliphatic group or a substituted or unsubastitutad 8 to 10 carbon atom aromatic group.
Examples of moneradicals include -CHg, -CFg, -CH=CH,, -{CHy),CF3, -CgHlg, -CF5-CHF-CF,, and

—cr:,-cx,-ﬁ-o-cn,crzcy,cr,.
0

Examples of diradicals include -(CHy),-, CFy- and -CgH4-. Examples of triradicals include JCH-CHy-,

QLY ™ X
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4. An adhesive tape according to Claim1l or 2 wherein said carrier filmis
polyimde. 5. An adhesive tape according to Claiml1l or 2 wherein said

carrier filmis 13 to 254 pm(1/2 to 10 mlIs) thick. _6. An ive tape
according to Claim1l or 2 wherein said polyimdesil o%%%@@%@%qonpri ses
the reaction prod- uct of an aromati-c3 di anhydri de, a non-sil oxane
contai ning diamne, and sil oxane containing diamne. 7. An adhesive tape
accor di ngherenel i GANGMiah @269, butis prelerally iohedRilsxati gigrinas a0 berpin dogeled by the eoldlion "G of
sai d pol yP41ld sy dianhydridemay Geysed in igrming e golyip s\Péa”Peﬁg{S; C e q‘?QhVFEFQE}”anﬂ‘F’@d
wher ei n $A{M6Y BPSHREET @OBR ERTRTTAA 8" SHeR'e Pt EY F1'dn t he group consi sting

of benzophepg = S g&%; (o ﬁh%% di anhydri de, oxydi phthalic anhydri de,
bi phenyl d'ﬁ@?‘ ﬁﬁtp &ene%&ﬁ%ﬂ;o SZdémyd;d:

2,3,6,7-naphthalene tetracarboxylic dianhydride;
2-(3',4'-dicarboxyphenyl) 5,6-dicarboxybenzimidazols dianhydrids;
2-(3',4'-dicarboxyphenyl) 5.6-dicarboxybenzoxazole dianhydride;
2-{3',4"-dicarboxyphenyl) 5,8-dicarboxybsanzothiazole dianhydride;
2,2.3,3-benzophenane tetracarboxylic dianhydride;
2,3,3.4'-benzophenone tetracarboxylic dianhydride;
3,3.4,4'-benzophenons tetracarboxylic dianhydrids (BDTA);
2,2',3,3-biphsnyl tetracarboxylic dianhydride;

2.3,3,4'-biphenyl tetracarboxylic dianhydride;

3,3'.4,4'-biphenyl tetracarboxylic dianhydride (BPDA);
bicycle-[2,2,2}-0cten-(7)-2,3,5,6-tetracarboxylic-2,3,5,6-dianhydride;
thio-diphthalic anhydrids;

bis (3.4-dicarboxyphenyl) sulfons dianhydridse;

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-dicarboxypheny}) sther dianhydride or oxydiphthalic anhydride (ODPA);
bis (3,4-dicarboxyphenyl} thiosther dianhydride;

bisphenot A dianhydride;

bisphenol 8 dianhydride;

2.2-bis (3,4-dicarboxyphenyl) hexaflucropropane dianhydride or 5,5-[2,2,2-trifluoro-1-{trifluoromethyl}ethylidene]
bis-1,3-isobenzofurandions) (6FDA);

hydroquinone bisether dlanhydride;

bis (3,4-dicarboxyphenyl) msthane dianhydride;

cyclopentadienyl tetracarboxylic acid dianhydride;

cyclopentane tetracarboxylic dianhydrids;

ethylens tetracarboxylic acid dianhydride,

perylene 3,4,8,10-tetracarboxylic dianhydride;

pyromellitic dianhydride (PMDA};

tetrahydrofuran tetracarboxylic dianhydride; and

resorcinol dianhydride.

[0012] The anhydrides can be used in their tetraacid form or as mono, di, tri, or quatra esters of the tetra acid, but
the dianhydride form is preferrad because it is more reactive.

[0013] The preferred dianhydrides ars QDPA, BPDA, BTDA, 6FDA, and PMDA or mixtures thereof, as these dian-
hydrides are readily available and have been found to give superior properties. The most preferrad dianhydride is
ODPA because it gives a polyimidesiloxane having better adhssion and good flexibility.

[0014] The non-siloxane containing diamine should be aromatic as those diamines give the best properties. Exam-
ples of suitable aromatic diamines include

m- and p-phenylenediamine;

2.4-(TDA), 2,5~ and 2,6-diaminotoluene;

p~ and m-xylylenediamine;

4 4'-diaminobiphenyt;

4,4'-diamincdiphany! ethar or 4,4"-oxydianiling 3,4'-oxydianiline (ODA} ;
4,4'-diaminobanzophencne;

3,3, 3.4, or 4,4-diaminopheny! sulfone or m,m-, m,p- or p,p- sulfone dianiline;
4,4'diaminodiphenyl sulfide;

3,3 or 4 4'.diaminadiphenylmsthane or m,m- or p,p-methylena dianiling;
3,3-dimsthylbenzidine;

4,4'-isopropylidenedianiline;
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ellitic dianhydride, and mixtures thereof. 9. An adhesive tape according
to Caim8 wherein said aromati c di anhydride is oxydi phthalic anhydride.

-4 - REPLACEMENT SHEET

1,4-bis (p-aminophanoxy)benzene;
1,3-bis{p-aminophenoxy)benzena,
4,4'-bis{4-aminophenoxy)biphenyt;
1,3-bis(3-aminophenoxy)benzene (APB);
2,4-diamine-5-chlorotoluene;
2,4-diamine-6-chlorotoluene;
2,2-bis-4{4-aminophenoxylpheny! propane (BAPP);
triflucromethyl-2,4-diaminobenzene;
triflucromethyl-3,5-diaminobenzens;
2,2-bis(4-aminophenyl)-hexaflucropropans;
2,2-bis{4-phencxyaniline) isopropylidens;
2.4,6-trimethyl-1,3-diaminobenzene;
4,4'-diamino-2,2'-trifluoromethy! diphenyloxide;
3,3-diamino-5,5"triflucromethy! diphenyloxide;
4,4'-tri-fluoromethyi-2,2'-diamino biphenyl;
2,4,8-trimethyl-1,3-diamincbenzene:;
diamincanthraquinone;
4,4"-oxybis[2-trifluoromethylibenzenamine](1,2,4-OBABTF);
4,4'-oxybis[{3-triflucromethyl)benzenanine];
4,4'-thiobis{{2-trifluoromethyl)benzenanine];
4,4'-thiobis[(3-triflucromethylibenzenamine];

4,4 -sulfoxylbis[(2-triflucromethyl)benzenanine];
4,4"-sulioxylbis[(3-trifluoromathyl)benzenanine];
4,4'-ketobis(2-trifluoromethyllbenzenamine];
4,4[(2,2,2-trifluoromethyl--{triflucromethyl)sthylidine)bis (3-trifluoromethyl)benzenanine};
4,4"-dimethylsilylbis{(3-trifluoromethyl)benzenamine].

[0015] The preferred aromatic diamines are TDA, APB, and BAPP due to their excellent properties.
[0018] The polyimidesiloxane can be made from 1 to 80 wi% siloxane-containing monomers and 20 to 98 wit% mon-
omers that do net contain siloxane. Preferably, it is mads from 1 to 30 wi% siloxane-containing monemers and 70 1o
99 wt% monomers that do not contain siloxane. Generally, stoichiometric quantities of diamine and dianhydride are
used to obtain the highest molecular weight polyimidesiloxane but the equivalent ratio of dianhydride to diamine can
" range from 1:2 to 2:1.
[0017] The polyimidesiloxanes are typically prepared in solution. The solvent used to form the solution of the poly-
imidesiloxane must, of course, dissolve the polyimidesiloxane. Sultable solvents depend upon the particular compo-
sition of the polyimidesitoxane that is to be made and dissolved, but may include N-methyipyrrolidinone (NMPy, digiyme,
triglyme, cyclohexanone, cyclopentanone, dimethylacetamids, and mixtures of these solvents. The solvent preferably
has a boiling point between 130 and 210°C as lower boiling solvents may evaporate too readily from the completed
tape and higher boiling solvents may be too difficult to remove from the tape. The solution of the polyimidesiloxane in
the solvent can be any percent solids desired, but it is preferably 10 to 30 wi% solids as more dilute soiutions mean
more solvent to evaporate and more concentrated solutions are too viscous. A particularly preferred polyimidesiloxane
adhesive is made from QDPA, APB, and Gg in NMP.
[0018] The first reaction, which forms the polyamic acid, occurs at room temperature and the second reaction, which
closes the imide ring, occurs at a temperature of 150 to 180°C. Typically, the reaction mixtura is refluxed several hours
to imidize the polymer. A more complete description of the preparation of soivent-soluble fully imidized thermoplastic
adhesive polyimidssiloxanes can be found in U.S. Patent 4,973,645,
[0018] The carrier film can be made from almost any organic polymeric matsrial to which the polyimidesiloxane can
adhere. The polymeric matsrial shouid have sufficient solvent resistance to the polyimidesiioxane solution to prevent
its dissolution. The surface of the carrier film can be prepared to enhanca the adhesion of the polyimidesiloxane to it.
Such preparation may include treatment with a corona or with various chemicals. Many types of carrier films are sold
pretreated to increase their adhesion. Preferably, the carrier film is either an amorphous polymer with a Tq greater than
150°C or a crystalline polymer with a melting point greater than 150°C so that it can easily withstand the bonding
conditions. Examples of such carrier films include polyimides, polyimidesiloxanes, polysthylens terephthalate, poly-
etheretherketones, polysulfones, and polyamidss, such as nylon 6. The preferred material for the carrier film is a
polyimide. The thickness of the carrier film can vary from 13 to 254 um (% to 10 mils) but it is prefarably about 25 to
51 um (about 1 to about 2 mils).
[0020] The tapes of this invention are made by applying the solution of the polyimidesiloxane to the carrier film and
evaporating the solvent from the solution. Typically, the carrier film is positioned horizontally while the solution is spread
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- 9 - 10. An adhesive tape according to Claim6 wherein said

non-si | oxane containing diamne is selected formthe group consi sting
of toluene diam ne, 1, 3-bis(3-am nophenoxy)benzene, and

2, 2- bi s(4[ 4- am nophenoxy] phenyl ) propane. 11. An adhesi cording to
Cl aim6 wherein said siloxane dianine ha$ the for n%hpéac\éﬁEm%%ng

over its upper surface with a doctor blade. The solvent is then svaporated, the carrier film is inverted. and the procedurg
is ropeatad. This can bs accomplished by hand or in an automated process. Other methods of manufacturing the tapes,
such as by dipping or running the carrier film through a solution of the palyimidesiloxane followed by wiping and evap-
oration, ara also contemplated. Repeatad applications of the solution may be requirad to build up the desired thickness
of adhesiva on the tape. The adhesive laysr can have a thickness of 2.5 to 127 um (0.1 to § mils) on each side of the
carrier film and a preferred thickness is 13 10 25 um (0.5 to 1 mils) on each side.

[0021] After the tape has besn made and ths solvent evaporated, tha adhesive surfaces ars no longer tacky and the
tape can be rolled up and storsd for use. During use the tape is cut to the desired size and the surfaces to bs bondad
to it are heated and pressed against it. Typically, a temperature of 200 to 350°C is used and a pressure of 69 kPa to
1.4 MPa (10 to 200 psi). The tape forms a bond quickly and generally the pressure needs to be applied for only 1 to
30 seconds.

[0022] Although the tape can be used for many different applications, the principal use contemplated for the tape of
this invention is to bond components in the microsisctronics industry. Such uses include bonding metai lead frames
to integrated circuit chips, chips to lead frames, lead frames to each other, chips to chip carriers and chips to heat
spreaders.

[0023] The following examples further illustrate this invention.

Example 1

[0024] Toadry 12 liter 3 neck flask equipped with overhead stirrer, thermometer, Dean-Siark trap, and nitrogen inlet
on top of the condenser was added 5 liters dry NMP and 750 milliliters of toluene. To this flask, with slirring, was added
503.64 grams( 1.62 moles) ODPA and then 24 grams {096 mole) G, and 96 grams {.114 mole of siloxane diamine
with average molecuiar weight = 841) Gg. The reaction was stirred four hours and then 577.92 grams (1.41 moles)
BAPP was added. The reaction was stirrad overnight and the next day, 250 milliliters of NMP and 18 grams DABCO
was added. The reaction was heated to reflux and water removed. The reflux was maintained for 4 hours with the pot
lemperaiure gradually increasing from about 155°C 1o about 172°C. About 120 cc of an aqueous phase was removad
during this period. After this time, vacuum was applied to remove about 35 - 40% of the solvent. The reaction mixture
was cooled to about 80°C and precipitated into water. The mixture was filtered, washed, reslurried in deionized water
and refiltered. The precipitate was then dried at 105°C for three days.

Examples 2 - 7

[0025] Example 1 was repeated using different monomers. The following table summarizes the praparation of these
polyimidesiloxane adhesives:

[0026] The Glass Transition Temperaturs Tg was dstermined by Dynamic Mechanical Thermal Analysis (DMTA).
The Tg is taken as the temperature at which the dissipation Tan delta peaks at a heating rate of 4°C/min in tension

mode at 1 Hz.
Example Dianhydride (pbw) Diamine (pbw) Siloxane Diamine (pbw) Tg/*C

1 503.64 ODPA 577.92 BAPP | 24 G, + 96 Gg (MW = 841) 208
2 480.8 ODPA 610.4 BAPP 100.28 G4z (MW = 1108) 227
3 71.85 ODPA +34.42 6FDA | 28.36 TDA 67.73 Gg (MW = B41) 215
4 38.83 ODPA 23.65 APB 37.5 Gg (MW = 841) 124
5 241.16 BTDA 83.81 TDA 194.93 Gg (MW = 867) 188
5] 45.7 BPDA 40.8 APB 1.0 G; +10.0 Gg (MW = 841) 187
7 167.15 ODPA 21.64 TDA 311.21 Gg (MW = 880) 862

Example 8

{0027] The polyimidesiloxane of Example 1 was heated in nitrogen at 180°C for 15 hours to increase the molecular
weight and then dissolved in NMP and the solution filtered through a 5 um cartridge filter to give about 3.5 liters of a
solution having 21% by weight solids and a viscosity of 8.5 Pa-s (95 poise). This solution was further diluted with about
100 cc of NMP 10 decrease viscosily and then used to coat Upilex SGA polyimida (from Ubs). This polyimide was used
ina 30.5 cm (12") width and 51 um (2 mil) thickness in roli form. The polyimide shest was passed through a two roli
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[err] where Ris a nonovalent radical and R err] is a dival ent
radi cal and each R and Rl err] are independently selected from
substituted or unsubstituted 1 to 12 carbon atom aliphatic group and
substituted and unsubstituted 6 to 10 carbon at PALLERENE sYEepP and m
is 1 to 200. -6 -

" coater equipped with a trough containing the polyimidesiloxane solution and a knifa to control thickness and then
through a two zone heated oven with zone 1 (12.2 m (forty feet) length) set at 83°C and zone 2 (33.5 m (one hundred
and ten feet) length) set at 177°C. The polyimide was coated at a rate of 7.6 m (25 feet) per minute. After the first side
was coated, the singie sidad shest was passed through the coater a second time under the same conditions 1o give a
polyimide coated on sach side with the polyimidesiloxane of Example 1. The total thicknaess of the sheet was 31 um
{3.6 mils).

Example 8

[0028] The polyimidesiioxane of Example 2 was dissolved in NMP and the solution filteraed through a 5 um cartridge
filter 1o give about 3.5 liters of a solution having 16% by weight solids and a viscosity of 0.9 Pa.s (9.0 poise). This
polyimidesiloxane was used as in £Example 8 to give a polyimide coated on each side with the polyimidesiloxane of
Example 2. The total thickness of the sheet was 91 um (3.6 mils).

Example 10

[0029] The polyimidesiloxane of Example 3 was heatad at 200°C for 19 hours to increase the molecular weight and
then dissolved in NMP and the solution filtered through a 5 um cartridge filter to give about 3.5 liters of a satution having
24% by weight solids and a viscosity of 0.75 Pa-s (7.5 poise). This polyimidesiloxane was used as in Example 8 to
give a polyimide coated on each side with the polyimidesiloxane of Example 3. The total thickness of the sheet was
91 um (3.6 mils).

Example 11

[0030] The polyimidesiloxane of Example 4 was dissolved in cyclohexanone to give a form a homogeneous but hazy
solution containing 25% by waight solids. Strips of PET {polysthyleneterephthalate) film 127 pm (5 mils) thick and
about 1.3 cm (0.5 inch) wide were dippsd in the polymer solution then hung up to drain off and air dry for & days. The
coated film was about 180 um (6.3 mils) thick.

Example 12

[€031] A nylon 6-8 film which is about 102 um (4 mils) thick was coated as in example 11. The coated film was about
152 um (6 mils} thick.

Example 13

f0032] The polyimidesiloxane of Example 5§ was dissolved in cyclohexanons to give a solution containing 25% by
weight solids. A strip of 51 um (2 mils) thick Kapton H was dipped in the solution and allowed to drain off. The coated
strip was then dried in a 150°C oven for about 1 hour. The coated film was about 102 um (4 mils) thick.

Example 14
[0033] The polyimidesiloxane of Example 6 was dissolved in NMP tc give a solution containing 25% by weight solids.

A strip of 51 um (2 mils) thick polyimide film (Kapton H trom DuPont) was dipped in this solution and allowed to drain
off and air dry. It was dried further in a 200°C oven for about 1 hour.

Example 18

[0034] Example 14 was repeated except that 25 pm {1 mil) thick Kaptbn H was used.

Exampls 18
[0035] The polyimidesiloxane of Example 6 was dissolved in digiyme to give a solution containing 40 % by weight
solids. The solution was filtered through a 10 micron filter and then a 1 um filter. Strips of Kapton H, 5.9 em (2 5/16

inches) wide and 51 um (2 mils) thick and about 15 cm (6 inches) long were passed through the abovs solution and
hung up to air dry for several days.
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12. An adhesive tape according to Caim 11l wherein said aromatic

di anhydri de i s oxydiphthalic anhydride, said non- si | oxane cont ai ni ng
diamine is 1 ,3-bis(3-am nophenoxy)benzene an "ni' in the fornula for said
si | oxane di am ne is 9. 13. A nethod of naking an adhesive tape
conpri sing A. formng a solutiorf in a solvent of a fully imdized
pol yi m desi | oxane; B. applying said solution to_b aces of a
carrier film C. evaporating the sol vent fﬁ%ﬁﬂ§5W§kgé$ﬁ¥?on; and

D. rolling said tape up.

Example 17

[0036] A strip (about 1 cm?2) was cut from the coated tapse of Example 8 and placed between a strip of alloy 42 metal
and the coated side of a piecs of silicon wafer precoatad with a PMDA-ODA polymer. (This precoating was done by
spinning a solution of 0.17 % 3-aminopropyltriethoxysilane on a 10 cm (4 inch) silicon wafer for 30 seconds at 50C0
rom, then a 15 % solution of PMDA- 4,4'OCDA polyamic acid in 75/25 NMP/xylene for 30 seconds at 3000 mpm and
rying at 8° C/minute to 350° C/60 minute in a nitrogen atrmosphere). The assembly was placsd on a hot plate at 275°C
and with no pressure for 10 seconds. Then 2.5 kg (5.5 pounds) of pressure was applied for 10 seconds and the assembly
was removed and the adhesion tested on a HMP model 1750 die shear tester. Four assemblies were tested and
averaged to give a shear adhesion of greater than 25 kg/em?2.,

Examples 18 - 25

[0037] Example 17 was repeated using the tape of Examples 9 to 18. The following table gives the resulis:

Example | Tape from Example { Hot Plate Temperature (°C) | Shear Adhesion (kg/em?)
17 8 275 >25
18 9 350 »25
19 10 275 >25
20 11 225 >25
21 12 225 >25
22 13 275 »25

22A 13(A) 275 ' ' >25
228 13(B)? 275 >25
23 14 275 >25
24 15 275 >25
25 : 18 250 >25

1same as Sxample 13, but between copper and an uncoated silicon wafer.
2 Same as Example 13, bui between ceramic and an uncested sillcon wafer.

-[0038] These exampies demonstrate that the trilayer films of this invention can be used to form strong bonds between
various surfaces.
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14. A nethod accor di ng to Caim13 wherein said solution is applied first
to one surface of said carrier filmand the sol vent is evaporated and

t hen sai ution is applied to the other surface of said filmand then
the solv Hw“ Hﬂ iﬂ&ed. 15. A nmethod according to O aim 13 wherein
sai d sol ut A i"Hesi | oxane is forned by di ssBERLAREMENTSSHIETSO! vent
an aromati c di anhydride, a non-siloxane containing diamne, and a sil oxane
cont ai ni ng di am ne, heating said so- lution to forma polyan c acid, and
further heating said solution to forma polyimdesil oxane. 16. A nethod
according to Claim13 wherein the boiling point of said solvent is 130 to
210[err]C._ . 17. A nmethod according to Caim 13 wherein said solution is 10

to 30 wt %8s ds.

Claims for the following Contracting States : DE, FR, GB

1. An adhesive tape comprising a carrier film sandwiched between two layers of fully imidized thermoplastic polyim-
idesiloxane adhasive, charactarized in that the adhesive tape is rolled up.

2. Anadhesive tape comprising a carrier film sandwiched between two layers of tully imidized thermoplastic polyim-
idesiloxane adhesive with the proviso that an adhesive tape wherein an adhesive obtained by reacting at least
one of the following acid components:

4.4"-oxydiphthalic acid dianhydride, 3,3',4,4"-biphenyitetracarboxylic acid dianhydride and/or 3,3',4,4'-benzo-
phenonetstracarboxylic acid dianhydride, 1,2,4,5-benzenetstracarboxylic acid dianhydride (PMDA), 2,2'-bis
{4-(3,4-dicarboxyphenyt)phenyl)propane or 3,3',4,4-diphenylsulfonstatracarboxylic acid dianhydride,

with at least one of the following amins components:

a siloxans compound representsd by the following genaral formula (1) andfor 2,2-bis(4-(4-aminophenoxy)

phenyi)propane
1;3 Ry
H N~R, ‘Si- Si-Rz-NHz {1)
Ry /k R

wherein Ry and R, are each a bivalent aliphatic (C,-C,) or aromatic group; A3, Ry, Bg and Rg are each a
mono-valent aliphatic or aromatic group; and k is an integer of 1-20,

bis(aminophenoxy)benzene and/or dimethylphenylene-diamine, 4,4'-diamincdiphany! ether {4,4'-DDE), 3,3
diaminedipheny! sther (3,3-DDE), 3,4'-diamincdiphenyi sther {3,4-DDE), 4,4'-diaminodiphenyisulfons (4,4'-
DDS), 3,3-diaminodiphenylsulfone (3,3-DDS), 2,2-bis-4-aminophenylhexafiuoropropans (BAPF), 2,2-bis-
4-aminophenoxyphenythexafluoropropane (BAPPF), bis-4-(4-aminophenoxy)phenylsulfone (BAPS), bis-4-
(3-aminophenoxy)phenylsulione (BAPSM), 4,4'-diaminobenzanilide {DABAN), m-phenylenediamine, p-phe-
nylenediamine, 4,4'-diaminodiphenyimathane (DDM) or 2,4-diaminotoluene and applied on both sides of a
carrier consisting of a polyimide film or a biaxially stretched polyester film, is excluded.

3. Anadhesive tape according to Claim 1 or 2 wherein said carrier film is selected from polyimide, polvimidesiloxane,
polysthylene teraphthalate, and polyamide.

4. An adhesive taps according to Claim 1 or 2 wherein said carrier film is polyimide.
5. An adhesive tape according to Claim 1 or 2 wharein said carrier film is 13 to 254 um (% to 10 mils) thick.

6. An adhesivs taps according to Claim 1 or 2 wherain said polyimidesiloxane adhasive comprises the reaction prod-
uct of an aromatic dianhydride, a nen-siloxane containing diarnine, and siloxans containing diamina.

7. Anadhssive tape according to Claim 6 whersin said siloxane diamine comprises 1 to 70 wi% of said polyimidesi-
loxane.

8. An adhesive tape according to Claim 8 wherein said aromatic dianhydride is selacted from the group consisting
of .banzophenone tetracarboxylic acid dianhydride, oxydiphthalic anhydride, biphenyl dianhydride, 6FDA, pyrom-
eliitic dianhydride, and mixtures thareof.

8. An adhesive tape according to Claim 8 wherein said aromatic dianhydride is oxydiphthalic anhydride.
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18. A method of bonding two surfaces together conprising placing the
adhesi tape of clains 1 to 12 between two surfaces and pressing two
sai d W !!Q ther at a tenperature of 200 to 350[err]C at pressure of
69 kP 0O to 200 psi) for 1 to 30 secgnds. t hod
accordi ng‘t ot i{t erein said surfacesSare a rreggﬂ-plcé%%frr and an
integrated circuit cﬁlp

10. An adhesive tape according to Claim 6 whersin said non-siloxane containing diamine is selacted form the group
consisting of toluene diamine, 1,3-bis(3-aminophenoxy)benzene, and 2,2-bis(4{4-aminophenoxy]phenyl)propane.

1. An adhssive tape according to Claim 6 whersin said siloxane diamine has the formula

HoN-R, i—Ry—NHz

D- 1~
i
O

X~ -0

m

where R is a monovalent radical and R, is a divalent radical and each R and R, are independently selected from
substituted or unsubstituted 1 to 12 carhon atom aliphatic group and substituted and unsubstituted & to 10 carbon
atorn aromatic group and m is 1 {o 200.

12. An adhesive tape according to Claim 11 wherein said aromatic dianhydrids is oxydiphthalic anhydride, said non-
siloxane containing diamine is 1,3-bis(3-aminophenoxy)benzene and "m" in the formuia for said siloxans diamine
is 9.

13. A methed of making an adhesive tape comprising
A. forming a solution in a solvent of a fully imidized polyimidesiloxane;
B. applying said solution to both surfaces of a carder film;
C. svaporating the solvent from said solution; and
D. rolling said tape up.

14. A methed according 1o Claim 13 wherein said solution is applied first to one surface of said carrier film and the
solvent is evaporated and then said solution is applied to the other surface of said film and then the solvent is
evaporated,

15. A method according to Claim 13 wherein said solution of polyimidesiloxane is formed by dissolving in said solvent
an aromatic dianhydride, a non-siloxane containing diamine, and a siloxane containing diamine, heating said so-
lution to form a polyamic acid, and further heating said solution to form a polyimidesiloxane.

18. A methcc_! according to Claim 13lwherain the boiling point of said scivent is 130 to 210°C.

17. A methed according to Claim 13 wherein said solution Is 10 to 30 wi% solids.

18. A method of bonding two surfaces together comprising placing the adhesive tape of claims 1 to 12 between two
surfaces and pressing two said surfaces together at a temperature of 200 to 350°C &t prassure of 69 kPa to 1.4
MPa (10 to 200 psi) for 1 to 30 seconds.

18. A method according to Claim 18 wherein said surfaces are a metal lead frams and an integrated circuit chip.
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- 10~ REPLACEMENT SHEEY
ABSTRACT

THREE-LAYER POLYIMIDESILOXANE ADHESIVE TAPE

Disclosed is an adhesive tape comprising a carrier film sandwiched between
two layers of a fully imidized thermoplastic polyimidesiloxane adhesive. The tape
is made by forming a solution in a solvent of a fully imidized thermoplastic
~ polyimidesiloxane adhesive, applying said solution to both surfaces of a carrier

film, and evaporating the solvent.
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