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REPLACEVENT - SHEET POLYI'M DESI LOXANE ADHESI VE Background |pf t

Thi s invention relates to polyimdesiloxanes having a hl‘Eh Fllllljnmumm‘ﬂl
relatlvely | ow bonding tenperature and to hot nelt adhesi ves na

therefrom particularly in the formof ‘tapes. In particular, it. %_ g§ito

. pon|n1deS|onanes made by reacting 3, 3,4, 4 -blphenyltetrac
di anhydri de (BPDA) or bis(3,4- dlcarboxyphenyl)ether dlanhydrld /g

as oxydi phthalic anhydride (ODPA), with a sil oxane- conta|n|ng(551 m’ ne and
a mxture of at least two of the follow ng diam nes: 2

, 2- bi s(4[ 4- am nophenoxy] pheny| pgf,ePRIBESPLOKANE 2ABHEST¢E 4- ami nophenyl ) -1,
4-di i sopropyl benzene, al so known as bis-aniline P (BAP),
3, 3' -di am nophenyl sul f one
ckground of the Inve tion
5 ~ This invention relafes to polyimidesiloxanes having a
high T, and a relatively low bonding temperature and to hot
melt adhesives made therefrom, pafticularly in the form of
tapes. In particular, it relates to polyimidesiloxanes made
by reacting 3,3’,4,4’ -biphenyltetracarboxylic dianhydride
10 (BPDA) or bis(3,4-dicarboxyphenyl)ether dianhydride, also
" known as oxydiphthalic anhydride (ODPA), with a siloxane-
containing diamine and a mixture of at least two of the
following diamines: 2,2-bis(4[4-aminophenoxy]phenyl)propane
(BAPP), 2,2’ -bis(4-aminophenyl)-1,4-diisopropylbenzene, also
15 known as bis-aniline P (BAP), 3,3’ ~-diaminophenylsulfone
(APS), and 1,3-bis(3-aminophenoxy)benzene (APB).
In the electronics industry, adhesive tapes are used
for a variety of purposes such as, for example, bonding a
metal léad frame to an integrated circuit chip. Such tapes,
20 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.
In some of these applications, it is very desirable for
the adhesive tape to have a T, in excess of about 200°C so
25 that a chip bonded with the édhesive tape remains rigid
during wire bonding, whicﬁ prevents the formation of weak

bonds. At the same time, the temperature at which the tape

bonds to a substrate should be relatively low to permit more



(APS), and 1, 3-bis(3- am nophenoxy) benzene (APB). In t leTHRE SHEEPTHASBEEN I
N ndustry ~adhesive tapes are used for a variety of pu posesngmgkcm' f o}
exanpl e, bonding a netal lead frame to an integrat ed |

t apes, eful _fo | ea n t; achne t a AP0
pes el Ul edBla odesaing T R SIS IR Shudll ST lap%@etﬁs. g
" nmass producti ues appl t s ver

desi rgbl e forg'tq% %I ve %éot%eﬁg%eh%;v%érgff’g?? FPIénﬁtg,)(dc'iéi;? of about [er] SO

that a chi bonde u amMre

bondi ng, V\:EI ch prevents t ?ggef%*ﬁh} ond ﬂﬂj&{i 'lg'héh?grre time, the

tenmperature %e!@tf@ei?eléﬁ%m é&uﬁeﬂgﬂ'é ahrfe dutitrhdictctyvl | viglat | ow

to permt nore
5 is, most polylmldes:tloxanes have a bonding temperature at

least 100°C higher than their T,, and the higher the T, the.
greater will usually be the difference between the bonding

temperature and the T,.

10 Summary of the Invention
We have discovered that adhesive tapes made with BPDA
or ODPA, a siloxane-containing diamine, and a mixture of at
least two of the diamines BAPP, BAP, APS, and APB have T,’s
in excess of 200°C, and often in excess of 230°C, and a
15 bonding temperature that is only 20 to 75 degrees higher
than their T,. This is apparently due to a synergistic
interaction between the diamines because the mixture of
diamines produces a polyimidesiloxane having a smaller
difference between the bonding temperature and the T, than
20  does any of the diamines by itself. A synergistic
interaction between the two diamines is also demonstrated by
the fact that the peel strength of a polyimidesiloxane
adhesive made with that mixture of diamines is higher than
the peel strength of polyimidesiloxane adhesives made from
25 any of the diamines by itself. |
The unusual polyimidesiloxanes of this invention can be.
ueed to prepare one, two, or three-layer adhesive tapes.

Because of the high '1'4 and relatively low bonding temperature
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2 rapid processing of the chips and cause |less the Q&E;S EETH%%EF%%. ge
(See U.'S. Patent No. 4,624,978.) Normally, the req gh

[er'r] ard a éelaflvely | ow bondi ng tenperature are contradlctory That IS,
nost pol yim il oxanes have ndi ur a r] higher

gh?;\ their Lé?f ! W%lad%elﬁi%fa%é %]?aﬁ%g:ﬁa@y % %Ibot[}?ueal ly ge t he
| fference bet N, a t t he

| nvention W ‘ﬁ% esg W ee;tiLg e a%%ees%négqv % A, a

si | oxane-cont gh Y {10h 9 GHE " a{w aéee&tdﬁl%soflﬁusm.

5 . Descri . on o e Inventio
The polyimidesiloxanes used in the process and product
of this invéntion are not only fully imidized but are also
thermoplastic and soluble in a solvent. The:
polyimidesiloxanes caﬁ be formed'by react{hé a dianhydride
10 (BPDA, ODPA, or mixtures thereof) with at least two of the.
four diamines (BAPP, BAP, APS, and APB)--plus a diamine
containing siloxane groups.
We have found only two dianhydrides, BPDA and ODPA,
that result in polyimidesiloxanes having the unexpected
15 property of a high T, and a relatively low bonding
temperature. Mixtures of these two dianhydrides can also be
used. The preferred dianhjdride is BPDA because it results
in adhesives having a higher T; and a higher peel strength.--
We have further found that only mixtures of two or more
20 non-siloxane containing diamines selected from BAPP, BAP,
APS, and APB results in polyimidesiloxanes having the
unexpected prbpefties of higher T, and relatively low bonding
temperatures. Each diamine in the mixture can be present in
an amount of about 10 to about 90 mole% (based on the
25 . mixture of these diamines). A preferred mixture is about 10
to about 90 mole% BAPP and about 10 to about 80 mole¥ BAP
as, if more than 90 mole% BAPP is used, the T, of the

polyimidesiloxane becomes unacceptabiy low and if more than
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| east two of the dianines BAPP, BAP, APS, and APB h v"é‘"fé*‘\[f_ri SBERN 4| of
[err], and often in excess of [err], and a bondi ng flenper § L9] only

20 to 75 degrees higher than their [err]. This is apparently due to a:
syne(gi stic aBb@tagbi AB1ESI BRPNiEEsEd 2EhaCEoPFERYAEs i TExdnhe I béSonds

di am nes produces a polyin desil oxane having a smaller difference between
the bondi ng agmesealtr toabdnabe WEth]| BAPRNaA@CBAR)YLRé di@mihés &P Mire
itself. A synergistic interaction between the two diamnes is also
denonst r at edpbgferablycusedlaint acppepdbrtionngf habbut 20! yo nabkmst | ®ane
adhesive made with that m xture of diamnes is higher than the peel
strength of poleRnBARE| toxaheouhdl@stocaboutic80ronoietyBAP; tthe diaximas by

itself. The unusual _pol yi mi desil| oxanes of this invention can be
5 properties sSeem to be achieved at a 50:50 molar ratio. BAPP

and BAP are fhe preférred diamines.

The siloxahe-containing diamines can be either aromatic
or non-aromatic, but non-aromatic diamines are preferred as
they are more readily availah_le. Examples of silo_xane-

10 containing diamines that can be used include diamines having

ll? R
| .
HZN%S'l -0 %—?u —R,—NH,
R m R

the formula

15
where R and R; are mono and diradicals, respectively, each
independently selected from a substituted or unsubstituted 1
to 12 carbon atom aliphatic group or a substituted or

20 unsubstituted 6 to 10 carbon atom aromatic group. Examples
of monoradicals include -CH,, -CF;, -CH=CH,, =(CH,),CF;, —CgHs,
~CF,~CHF-CF,, and -cxiz-miz-g-o-cnecrzcrzcr,.

o

Examples of diradicals inc_lude

25 ~(CH,) =, =(CF,),~, -(CH,),CF,~ and -CiH,~, where n is 1 to 10.

The siloxane diamines are herein denoted by the notation
"G,", where "m" is the same "m" that is in the above formula

and can be 1 to 200, but is preferably 1 to 12.

4 ' - :
. This Sheet Has Been Reilaced

L




high [err] and rel ati vely | ow bondi ng tenperature 3 of tAER4ACEDes d
the fact” that they do not evolve volatiles during use, the tapes are highly

desirabl e f : ; . : , PES h

nvention The pot She: BeEPintdsbifokafbe SF) Bjs Ribitioled, Mg uglnd e
: {i | D t t _ ' d

ol ul o 1n aSBBroEERetaly BEpLThIGRE Ry R R e oE IR il &

di anhydri de gjanhydride as that generally results in the highest

used to, prepare one, two, or three-layer adhesive ta;i{eé‘H'%‘éUBﬁEE’A&BE(Eﬁ'e

molecular weight polyimidesiloxane, but the equivalent ratio
5 of dianhydride to diamine can range from about 1:2 to about
2:1. The diamine portion of the polfimidesiloxane of this
invention is about 1 to about 3o.mole% siloxane containing
diamine and about 70 to about 99 mole% of the diamine
mixture of two or more‘of BAPP, BAP, APS, and APB. If more

10 siloxane containing diamine is used the T; is lower, and if
less siloxane containing diamine is used the
polyimidesiloxane is less soluble and less adhesive.
Preferably, about 10 to about 20 mole% of the diamine
portion is the siloxane-containing diamine and about 80 to

15 about 90 mole% of the diamine portion is the mixture of
BAPP, BAP, APS, and APB.

The polyimidesiloxanes of this invention are typically
prepared by forming a solution of the dianhydride and the
three or more diamines. It is preferable to also include

- 20 about 1 to about 2 mole% of a soluble endcapping agent in
this solution to keep the molecular weight uniform so that
its properties and processing do not vary greatly from batch
to batch. The endcapping agent is a compound that has only
a single anhydride group or a single diamine group.

25 Preferably, it has only a single anhydride group. Examples
of endcapping agents include phthalic anhydride, alkyl and
aryl-substituted phthalic anhydrides, and polynuclear
anhydrides such as 1,8-naphthalic anhydride. The preferred

5 T

~ This Sheet Has Been Re

T



(BAPP, BAP, APS, .and APB)--plus a di am ne contai ni ng lisiloxs ] i
have found only two di anhydri des, BPDA and CODPA, that result in

L vi i desi | havi U g . _
ELT T B A M
adhesi ves hatP® géghggﬁéi %grfﬂgﬁgﬁggﬁ?%ﬁ%Eiﬁég g'S'trength.'\/é hévé further

found that only ntgéu é;v%éggﬁgﬁgrtgnfgrﬂ &1 8130 fork OB 2tme Ng di am nes

sel ected from BAPP, B APE results 1n polyimdesil oxanes having.

the unexpect gafhpaghabesna! dbkfillfés | Show1dnel &6| disdsive | ene bondi ng
tenperatures. Each diamine in the m xture can be present in

5 polyimidesiloxane that is formed. Suitable solvents depend

(BPDA, ODPA, or mixtures thereof) with at |east two Tﬁﬁ%aggﬂgz S&ﬁ#ﬁﬁ&
A |

upon the particular composition of the polyimidesiloxane
that is to be made and dissolved, but may include N-
methylpyrrolidinone (NMP), diglyme, triglyme, cyclohexanone,
cyclopentanone, dimethylacetamide, and mixtures of these

10 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 thé tape. The
solution of the polyimidesiloxane in the solvent can be any

15 percent solids desired, but it is preferably about 10 to
about 30 wt% solids as more dilute solutions mean more
solvent to evaporate and more concentrated solutions are too
viscous.

The first reaction, which forms the polyamic acid,

20 occurs at room temperature and the second feacfion, which
closes the imide rings, occurs at a temperature of about 150
to about 180°C. Typically, the reaction mixture is refluxed
several hours to substantially fully.imidize the polymer.

If it is-desirable to prepare a very pure adhesive which

25 does not contain ionic species, the polyimide can be
precipitated from solution by addition to water, filtered,
washed with water, dried, and redissolved in a second

solvent (which may be identical to the first solvent used).

e
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an anount of about 10 to about 90 nol e% (based on theTHiS BHEEE HNS BEDN ¢
diamines). A preferred mixture is about 10 to about| 90 nURERLAGEEP and labout
10 to about go nol e% BAP as, if nore than 90 nol e% S used, thne [err]

f the polyi gidesi cent abl B Ly
about 90yl 85, BASh & HERHARRE BE| PRRLELSHPolghe RaREned: oPhF, BOPRE ISP ong.
Wth BAPP and .BAP i agi . din ti .
Wi e ang b gl SR BkiarSeessShe BRbEeHRED | foBscoor o1 o
maxi mum propephih9atacesk>ipeidhbeY efledprépalablofivber sbvbit-Bbthble

 fully imidized therﬁoplastic adhesive polyimidesiloxanes can

5 be found in U.S. Patent 4,973,645, herein incorporated by
reference.

A single layer tape can be made by depositing the
solution of polyimide on a non-stick surface such as
silicone-treated polyethylene terephthalate or

10 polytetrafluoroethylene. The solvent is then evaporated and
the resulting polyimide film is peeled from the surface.
The two and three-layer tapes of this invention are made by
applying the solution of fhe polyimidesiloxane to a carrier
film and forming a coating on the carrier film. The solvent
15 is then evaporated from the coating. If a two-layer tape is
desired the solution is applied to only one side of the
carrier film, while if a three-layer tape is desired the
solution is applied to both sides of the carrier film.
Typically, the carrier film is positioned horizontally while
20 the solution is spread over its upper surface with a doctor
blade. The solvent is then evaporated, and, if a three-
layer tape is.desired, 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
25 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
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and BAP are the preferred diam nes. The sil oxane- conf{aftig EHTANSBEER 4h be
ei ther aromatic or non-aronatic, but non-aromatic di gm nes E?EAQFQfer 1 as..
they are nore readily avail abl e. Exanpl es of siloxanJ**contalnlng di am nes

t hat b h he f R and
[orr] “are moRBLERNSHF &5 BaRgs Qf'%ssﬁﬁﬂq% %Seegé e Foves 488
froma $”b5t§5 veed hi B HQ t Lﬁgu% b011eC2H800 §t851 | oRNalén Q£§Ep or
a substitute unsu 0" tar on atom aronati C group. Exanpl es
of ”Dnorad'Cﬁksthachﬂ§§ihﬁrﬁhlﬁe£ﬁh 8 preferred thickness is about 0.5

to about 1 mils on each side.

5 ' The carrier film can be made from almost any ofganic
polymeric material to which.the polyimidesiloxane will
adhere. The polymeric material should have sufficient
solvent resistance to the polyimidesiloxane solution to
prevent its dissolution. The surface of the carrier film

10 can be prepared to enhance the adhesion of the
polyimidesiloxane to it. Such preparation can 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

15 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 tape preparation and
bonding conditions. Examples of such carrier films include
polyimides, polyimidesiloxanes, polyethyiene terephthalate,

20 polyethylenenaphthaléte, 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

25 | thick.

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

—
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TT(SS SHEET HAS BEEN
Exanples of diradicals |nclude [err] where nis 1t Enoxane
di am nes are herein denoted by the notation "G", “'“'"*" =s—He "t

that is i.n the above fornula and can be 1 to 200, but is preferably lto
appr oxi mat o144 S1BE oif #i%a’*q%atﬁ{e A4 Fhae et TR 150 ha
Lol Vol oobided 4D Nt it S0 ﬂ%ﬂ%%ﬁéﬁ%#fé‘#?il&‘%ﬁm 1w
about a temperature of about 200 to about 350°C is used at a
pressure of about 10 to about 200 psi.-'The tape forms a
5 bond quickly and generally the pressure needs to be applied'
for less than 1 to about 30 seconds, though longer times are
used in laboratory tests.
Although the tape can be used for many different
applications, the principal use contemplated fof the tape of
10 this invention is to bond components in the microelectronics
industry. Such uses include bohding metal lead frames to
integrated circuit chips, chips to lead frames, lead frames
to each qther, chips to chip-carriers and chips to heat-
spreaders.
15 ' The following examples further illustrate this

invention.

Example 1

A clean, three-necked, one-liter flask fitted with a

20 thermometer, mechanical sfirrer, condenser, and Dean-Starke
trap with condenser, was purged with dry nitrogen. To the
flask was addéd 500 ml of freshly opened NMP, 50 ml of
toluene, and 41.63 gm (0.1415 moles) of BPDA. The mixture,
after stirring, was opaque. Then 0.42 gm (0.0628 moles) PA,

25 1.0 gm (.0040 moles) bis(3-aminopropyl)tetramethyl
disiloxane (G,), and 10.0'gm G, (0.0119 moles) were added and
stirred at room temperature for 4 hours. The mixture was

still opague. Then 25.77 gm (0.0628 moles) BAPP and 21.60
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2:1. The diam ne portion of the pol yi m-desi | oxane of (IR S LH anEEle “ |
about 1 to about 30 nol e% sil oxane contai ni ng di am ng : bout
99 nol e% of the dianine nixture of two or nmore of BAPP, BAP, APS, and APB.
|f more siloxageggpni gl gag AbROLY wbfe "S88ed Nind SEhd BALRIE wad Lhifrlgss
sil oxane contarnrng dramne 1S ustd e polyrmdesrioxane 1's | ess sol'tble

and | ess adheghVRouPsche" 28bi: tahPetaddrd O 'é't?)gﬁuﬁg%ﬁ%ﬁ AAE & &anne

portion is the siloxane-containing diamne and about to about 90 nol e%

of the di am nen8oihd8sbIvedcs8lids) & OMhE EEIuBIEh W& hédéed\ b 176 to

pol yi m desi | oxanes of this invention are typically prepared by formng a

sol ution of tpesW afdy & ik @uriag Wbl iNy approditatellt 11Smls of

preferable to also include _ ‘
5 water was removed with the refluxing toluene. The system

was converted for vacuum distillation and some of the
solvent was stripped off. The solution was cooled and
precipitated into water in a blender. The solid polymer was
reslurried and made finer via high speed stirring, then

10 filtered and dried in a glass tray at 105°C for 16 hours.
The yield was 86.5 gms and the T, was 249.3. (The Glass
Transition Temperature T, was determined by Dynamic
Mechanical Thermal Analysis (DMTA). The T, is taken as the
temperature at which the dissipation Tan delta peaks at a

15 heating rate of 4°C/min in tension mode at 1 Hz.)

A 25 wt% solution of polymer was prepared by weighing
the dry precipitated polymer into a vial with NMP and slowly
rotatinq overnight. Adjustments were made if the viscosity
was too high or too low for casting. The solution was

20 allowed to stand at room temperature to release air bubbles.
The solution was cast onto a surface treated (release agent)
polyethylene tei:'éphthalate (PET) film with a 15 or 20 mil
doctor blade and dried in a circulating air oven which
increased the temperature at a rate of 8°C/min. The

25 temperature was held at 220°C for 1 hour then cooled at a
rate of 8°C/min. Panels, approximately 1" x 2.5 to 3" and 8
mils thick, of "Alloy 42" (42 wt% nickel and 58 wt% iron),

were cleaned with detergent and hot water in an ultrasonic

10 :
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about 1 to about 2 nole%of a soluble endcapplng age1ﬂHﬁhSHﬁEE** BN to
keep the nol ecul ar weight uniformso that its properfties J essing do
not vary greatly fron1batch to batch. The endcappi ng-agent 1S a conpound

that has onIy ? nt}édn%l’e § ﬁup Qr a S|ngle dlanlne g;ou

. ggrgg;]g;aglngi udedi).lg‘{%a}:‘ﬁfcq %h&gﬁ'}jlé’é an ¥a§§’n%st |rt:' d pht hal E;’ﬁ‘
anhydri des %ﬁﬁﬁ? 2]

;I'Qe preferred and ﬁ@?%ﬂ&eagspta a3 G HX:Q' sg?llépé)a\t?le%'ﬂ‘ss

5 hinutes. The pieces were removed one by one, rinsing with

5 - acetone én@ drying in a dry, clean nitrogen stream.
The previously prepared films wére cut into strips of

1/4" (6.35 mm) by about 2 inches to 2.5 inches. A strip of
film was placed on a cleaned panel with the "air" side of
film down (i.e., side that was not in contact with the PET).

10 A strip of polytetrafluoroethylene was placed on top. This
sandwich was placed on top of a thin sheet of aluminum aﬁd
the entire assembly was placed in a preheated Carver Press.
Two hundred and fifty pounds of pressure were applied for 60
seconds. The sandwich was removed and allowed to cool.

15 Samples were bonded at a series of temperatures. Peel
strength was then tested (90°). The rate of peel was 1.9
cm/minute. Bond temperature was taken as the temperature at

which the peel strength plateaued.

20 Examples 2 to 19

Example 1 was repeated using different components and
ratios. The following table summarizes the preparation of
these polyimidesiloxane adhesives and gives their T,, bonding
temperature (BT), BT-T,;, and 90° peel strength:

25 '

30

I
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-readily.available and thernally stable. The sol vent s@ﬁ“i%HE%HEEEﬁEEN
sol.ution of .the di anhydri de and di am'nes shoul d al so ||di ssoPE

pol yi mi desi | oxane that is fornmed. Suitable solvents depend upon the
particul ar conposition of the polyinidesiloxane that is to be made and
di ssol ved, but may include N nethylpyrrolidinone (NW), diglyne, triglyne,
cycl ohexanone, cyCIopentanone dlnethylacetan1de and n1xtures of these
solvents. T gresiS - ; : -

as | oper boi
and hﬁgher
The sol uti ony
sol i ds de5|r’ - referatt
1 P(1)BAP(1) 10 1 2 249 300 51 1.4
2 | *erDA -__BAPP(1) 10 1 2.5 230 | s00. | 70 1.1 ﬂ
10 3 BPDA" BAPP(1)8AP(3) 10 1 2 257 | 3800 43 1.1
4 | BrDA BAPP(1)BAP(9) 10 1 260 | 350 | >90 0.8 "
5 | sroA - BAP(1) 10 1 Resin Not Soluble “
Dianlwgdride' Varied n
6 | sroa BAPP(1)BAP(1) 10 1 2 | 249 | 300 } st 1.4 II
15 7 ODPA BAPP(1)BAP(1) 10 1 2 223 275 52 1.5
*BTDA BAPP(1)BAP(1) 10 1 2 | 234 | >3s0 | 118 0.8
] TDA(1) 260 350 0.0
i BAPP(1)BAP(1) 10 1 2 Resin Not Soluble
20 ] BAPP(1)BAP(1) 10 1 2 249 ' 300 I 51 | 1.4
| 12 | -spoa BAPP(1)0DA(1) 10 1 2 Resin Not Soluble H
| 13 BPDA BAPP(1}APS(1) 10 1 2 250 ' 300 I 50 | 1.4
Il 14 *BPDA TPEQ(1)BAP(1) 10 1 2 Resin Not Soluble ﬂ
15 *BPDA BAPP(1)BAF(1) 10 1 2 259 >350 >91 0.8
25 16 | BPDA BAPP(3)APB(1) 10 1 2 223 | 275 52 1.2
BAPP(3)TDA(1) 10 1 o | 251 | 320 | e9 0.8
BAPP(1) 10 1 2.5 230 300 70 1.1
BAPP(1 [ 275 | 70 1.1
30
1. Mole% based on anhydride.
*Comparative Examples.
BTDA = 3,3’ ,4,4' -benzophenone tetracarboxylic dianhydride
TDA = 2,4-diaminotoluene
35 PMDA = pyromellitic dianhydride
ODA = 4,4’ ~diaminodiphenyl ether or 4,4’ -oxydianiline
TPEQ = 1,4-bis(4-aminophenoxy)benzene
BAF = 2,2’ -bis(4-aninophenyl)-hexafluoropropane
40
The above table shows that T, increases with the amount of
BAP in the BAP/BAPP mixture and that the difference between
T, and bonding temperature is minimized and peel strength is
maximized at about 50 to 75 mole% BAP vs. BAPP.
45
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about 30 wt%solids as nore dilute solutions mean nor HNQSUEETﬁdséﬁﬁﬁb&ate
and nore concentrated solutions are too viscous. The |first REPAAGEDh ich
forms the polyam c acid, occurs at roomtenperature a second

reaction, which closes the inmide rings, occurs at a tenperature of about
150 to about [err]. Typically, the reaction mxture is.refluxed "everal

orepare a very purtl ikt Aatg: by gl SRt TEEy, nke dokdr TERECERE, °
bashed wi th PSR I [ CRERd oL A o 0 B0 ) b

i dentical to gdenfdn Siev@ly ¥ BES)bonding temperature increases much

S more than T, and solubility decreases.
Besides BPDA, ODPA also works well but gives a somewhat
lower T,. BTDA in place of BPDA did not bond well, requiring
- high bonding temperature (large "BT-T,") and relatively low
peel strength. With PMDA, the imidized polymer was
10 insoluble.
The combination of BAPP and APS gave relatively high T,
low "BT-T," and good peel strength. BAPP and APB (3/1) gave
a somewhat lower T, but bonded well (low “BT-T;“ and high
peel strength). |
15 '~ The examples of this invention have a high T, compared
to polymers prepared from only BAPP (Comparative Example 1)
and have improved solubility compared to polymers prepared
from only BAP. The examples of this invention also have
desirably small difference between T; and bonding
20 temperature, which is not readily achieved with other

diamines.

This Sheet
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can be used as it was prepared. A nore conplete descr tThwﬂwﬁfﬁﬁBMmReham

prepar ati'on of sol vent - sol ubl e fully imdized thernop
pon|n1deS|Io§ﬁn?§Pgﬁn be found in U S. Patent 4,973,645,

I ncor por at ed réence. A single layer tape can be nade p05| |ng
the solution of polyi m de on a non-stick surface such as S|I|cone treated
pol yet hyl ene terephthal ate or pol ytetrafl uoroethyl ene. The solvent is then

evapor gt ed ang thear gaglitiog Behprikifgi i/ mis peeled fromthe surface.

7 If such a standard of purity is not required, the sﬂEution of polyin{dé
i

2 (I) an organic solvent;
3 (IX) a_pélyamic acid comprising the reaction product of
4 (A) a dianhydride selected from the group
5 conslstlng of 3,3 ,4,4' -
6 biphenyltetracarboxylic dianhydride, bis(3,4-
7 dicarboxyphenyl)ether dianhydride, and
8 mixtures thereof; and.
-9 (B) total diamine in a molar ratio with said
10 dianhydride of about 1:2 to about 2:1, where
11 said total diamine comprises
12 (1) about 1 to about 30 mole % of a
13 siloxane-containing diamine and
14 (2) about 70 to about 99 mole % of a mixture
15 of diamines which comprises at least two
16 diamines selected from the group
17 consisting of
18 (a) about 10 to about 90 mole% 2,2-
19 bis(4[4~-
20 aminophenoxy]phenyl)propane;
21 | (b) about 10 to about 80 mole% a,a’ -
22 bis(4-aminophenyl)-1, 4~
23 diisopropylbenzene;

ST



The two and three-|ayer tapes of this invention are mad 'ﬁMS%HEEWHN$$EEN
solutlon of the ponrnrdeeroxane to a carrier filmandfformgepiancemting ||
on the carrier film The solvent is then evaporated fro '
two-| gyer tape is desired the sol on s appligd to o t he
carri 25 film while if a three-layﬁ t%?)%?féieg?r%tamfﬂ St i’f
appligg to both sides of the carrier fj gygégﬁg oﬁ e gﬁ&rler filmis -

positioned horizontally while the solu over I'ts upper surface

with ggdoctor blade. The solvent a? tggguevg00£@t§g° utNdlo hb1égti) fe-
|

| ayer tape is desired, the carrier Imis invert and the procedure IS
repeaped. Thi's can be acconplished by ﬁﬁ@@3£ﬁmiﬁb€§bﬁb&P ﬁg@ﬁgpcess

Q her methods of manufacturing the.tape, such as di pping or running the -
carrier filmthrough
2. A solution according to Claim 1 wherein said polyamic
acid includes about 1 to about 2 mole% phthalic

anhydride.

3. A solution according to Claim 1 wherein said organic

solvent is N-methylpyrrolidone.
4. A solution of a polyimidesiloxane made by cyclizing the
anic acid groups of polyamic acid in a solution

according to Claim 1.

5. A polyimidesiloxane precipitated from a solution

according to Claim 4.

1 6. A solventless, substéntially fully imidized

2 polyimidesiloxane adhesive film comprising the reaction
3 product ef
4 (A) a dianhydride selected from the group consisting
5 of 3,3’ ,4,4’ -biphenyltetracarboxylic dianhydride,
6 bis(3,4-dicarboxyphenyl)ether dianhydride, and
7 mixtures thereof; and
This Sheet Has Been Re;
RTTTTD
—
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B Been R lace‘
a solution-of the polyimdesiloxane followed by w ping smap Bsea}hs Y
al so cont enpl at ed. Repeated applications of the solutijpn mREe m\
bui'ld up the desired 8 thickness of adhesi ve on the —1he

I ayer gan have a t Kk f EBE t Qia ch S|de of the
carrier filmand a pfepgrrae:g? % %%{ﬂﬁ{‘? tggu mls on each
side. ghe carrier filmg W a‘g#ﬁp 0l HEd Gaid

nater|%A to which the polyi esl oxane mn éﬁﬂg¥e e po yner|0|n§%w|al

shoul glghave sufficient ¢otal diamine comprises

11 (1) about 1 to about 30 mole % of a siloxane- '
12 ' containing diamine and

13 - (2) about 70.to_about 99 mole % of a mixture of
14 diamines which comprises _

15 (a) -about 10 to about 90 mole$ 2,2-bis(4[4-
16 aminophenoxy]phenyl)propane;

17 (b) about 10 to about 90 mole% a,a’-bis(4-
18 amiﬁophenyl)-1,4-diisopropylbenzene;
19 (c) about 10 to about 90 molet 3,3’ -

20 aminophenylsulfone; and

21 (d) about 10 to about 90 mole% 1,3-bis(3-

22 aminophenoxy)benzene.

7. A polyimidesiloxane adhesive film according to Claim 6
wherein the molar ratio of dianhydride to total diamine

is approximately stoichiometric.

8. A polyimidesiloxane adhesive film according to Claim 6

which is free-standing.

9. A polyimidesiloxane adhesive film according to Claim 6
wherein said mixture of diamines comprises about 20 to
about 80 mole% 2,2-bis(4[4-aminophenoxy]phenyl) propane
and about 20 to about 80 mole% 2,2’-bis(4-aminophenyl)-

1 4—dllsopropy1benzene.

16
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. _ o _ _ This Sheet Has Been Re
sol vent resistance to the polyim desiloxane sol ution t
~di ssolution. The surface of the carrier filmcan be pr

Teti&Gent
e AT
.adhesi on” of the polylnlde5|loxane to it. Such preparat¥or

i are sord-pr & Pelvaligdeilokdhecd %?5%3%@3%%2@&5%‘9?%? cEfiH €
carrier filmis eu&ﬁ@%ﬂn AT WG ROLE B s B2 cbipr) sk CRbBfe ! BBNkbe 1]

or a crystalline polymer I 'ng poi n [err] so that it

can easily mnthst%Fkah%d: eQrQpQLQ%gQQ[auﬂmﬁﬂaghaﬂoﬁgﬁﬁh&h9m§ pEEEHBbes

of such carrier filns 1ncl e pol yim esi | oxanes, ~ pol yet hyl ene
‘terephthal ate, polayRl RYoe a0 Hohabaue sbohﬁibl%eB?bhe&ﬁ&heﬁﬁ&nylsulfone.

pol ysul f ones, and pol yam des, such as nylon 66. The
11. A polyimidesiloxane adhesive film according to Claim 6
wherein said mixture of diamines comprises about 20 to
about 80 moleg 2,2-bis(4[4-aminophenoxy]phenyl) propane
and about 20 to about 80 mole% 1,3-bis(3~-

aminophenoxy)benzene.

12. A free-standing two-layer adhesive tape comprising a
polyimidesiloxane adhesive film according to Claim 6

bonded to a carrier film.

13. A free-standing three-layer adhesive tape comprising a
polyimidesiloxane adhesive filmhaccording to Claim 6

bonded to each side of a carrier f£ilm.

14. A free-standing three-layer adhesive tape according to

Claim 13 wherein said carrier film is a polyimide.

15. A method of making a polyimidesiloxane adhesive film
comprising
(A) forming a solution according to Claim 1;
(B) heating said solution at about 150 to about 180°C

to form a solution of a substantially fully

A ;M b W NN

imidized polyimidesiloxane;

17 ——
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preferred mateerial for the carrier filmis a polyinid.
t-he carrier filmcan vary fromabout 1/2 to about 10 {
preferably about 1 to about 2 nmils thick. After the t#

the sql vent evaporafed, the adhesi surfaces are_no r"h_;?mta Ky and t he
t ape % an be rol | edSp SRFH éﬁ %Eﬁﬂ ey asgur%agefhg ape is cut

to the desired nd t d and '
'p?essgd gag{ﬁsts: Typy%ﬁa E@f%%ﬁgfg Péqbf%§%%%PE2685§o ggﬁt ?grr] S

used g a solution to form an adhesive film on said surface.

T { oo e M R

ET—JM EEND L
d

16. A method according to Claim 15 wherein said surface is
a non-stick surface and said adhesive film is peeled |

from said surface.

17. A method according to Claim 15 wherein said surface is
a carrier film and said solution is spread on only one

side of said carrier film.

18. A method according to Claim 15 wherein said surface is
a carrier film and said solution is spread on both

sides of said carrier film.

19. ‘A method of making an adhesive film comprising
(A) forming a first solution according to Claim 1;
(B) heating said first solution at about 150 to about
180°C to form a solution of a substanﬁially fully
imidized polyimidesiloxane;
(C) precipitating'said substantially fully imidized
polyimidesiloxane from said first solution:;

(D) washing said precipitated substantially fully

O O N o 0 o N e

imidized polyimidesiloxane;
10 (E) forming a second solution by dissolving said
11 precipitated substantially fully imidized
12 | polyimidesiloxane in an organic solvent;
_
18 )
This Sheet Has Been Replaced
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pressure of about 10 to about 200 psi. The tape f or ms MQ@HEE'WCH@S/BEEN! i
general'ly the pressure needs to be applied for. |less thjin 1 tRERUNGED 30

seconds,* though | onger tines are used in |l aboratory te5ess

t ape
cont
mcr
inte
chip
furt

t

3
i3

| ated for
| ectronics
ated circu

ﬁgn be used

(BL "BBYeduihs! RLacRBLIAR FOTGLIMNCOR A EhPRLcU Cana
k&gusé5¥po Hﬁﬁngig?ién8#§9§i@°§?£g§n§$ff$m|Eﬁﬂdféééaﬁdt0

hi ps,* chi ps ead anes, anmes to each other

to chip-carrierssgife§8hPEo! PoPithn 8@hE880ESEiTHCOR 064 DM SGrLeadED! €5
r illustrate this rnvention. Exanple 1

20.

21.

22.

A method according to Claim 19 wherein said surface is

a non-stick surface and said adhesive film is peeled

“from said surface.

A method according to Claim 19 wherein said surface is
a carrier film and said second solution is spread on

only one side of said carrier film.

A method according to Claim 19 wherein said surface is
a carrier film and said second solution is spread on

both sides of said surface..

—_—
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A clean, three-necked, one-liter flask fitted with a th'r?ﬁﬁ?ﬁﬁEErHASBEEN

nmechani'cal stirrer, condenser, and Dean-Starke trap wi tljf condgepeAcEDaS

purged with dry nitrogen. To the flask was added 500 nl lef—freshity—opened—

NVP, 50 ml of toluene, and 41.63 gm (0. 1415 nol es) O%%EED 44he mxture,
3%

after stirring, was opaque. Then 0.42 gm (0. 0028 nol .0 gm (. 0040
nol es) bi s(3-am nopropyl)tetramethyl disiloxane [err B#930.0 gm [err]
(0.0119 nol es) were added and stirred at roomtenperature for 4 hours The

m xture was still opaque. Then 25.77 gm (0.0628 nol es) BAPP and 21. 60
10 POLYIMIDESILOXANE ADHESIVE
\bstract of th isclosu

Diéclosed is a_polyimidesiloxane adhesive made by

reacting in a solution of an organic solvent a diaqhydride

5 selected from the group consisting of bippenyl dianhydride
and oxydiphthalic anhydride with an approximately
stoichiometric amount of a diamine. The diamine is a
mixture of about 5 to about 30 mole% of a siloxane-
containing diamine and about 70 to about 95 mole% of a non-

10 siloxane containing diamine. The non-siloxane containing
diamine is a mixture of about 10 to about 90 mole% each of
at least two of the diamines 2,2-bis(4[4-
aminophenoxy]phenyl)propane, a,a’ -bis(4-aminophenyl)~-1,4-
diisopropylbenzene, 3,3’ -aminophenylsulfone, and 1,3-bis(3-

15 aminophenoxy)benzene. The adhesive can be made into one,
two, and three-layer tapes (or dispensed in other ways)
which have a high T, and a relatively low bonding

tenmperature.

-
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gm BAP (-0. 0628 nol es) were added and the m xture was sti
room tenperature. The solution was now cl ear (no undi ssol
solution was heated to 170 to [err] for 5 hours during
approximately 11 m's of water was renoved wi'th the reflu
system was converted for vacuumdistillation and sone of the solvent was
stripped off. The solution was cooled add precipitated into water in a
bl ender. The solid polymer was reslurried and nmade finer via high speed
stirring, then filtered and drigd 4 ] for 16 hours.
The yield was 86.5 gas and the %’*WWW‘E%S Transition
Tenperature [err] was determ ned by Dynan1c Nbchanlcal Thermal Anal ysi s

(DMTA). The [err] is taken as he di ssipation Tan
delta peaks at a '

This invention relates to polyimidesiloxanes having a
high T, and a relatively low bonding temperature and to hot
melt adhesives made therefrom, particﬁlarly in the form of
tapes. In particular, it relates to polyimidesiloxanes made
by reacting 3,3’,4,4’ -biphenyltetracarboxylic dianhydride
(BPDA) or bis(3,4-dicarboxyphenyl)ether dianhydride, also
known as oxydiphthalic anhydride (ODPA), with a siloxane-
containing diamine and a mixture of at least two of the
following diamines: 2,2-bis(4[4-~aminophenoxy]phenyl)propane
(BAPP), 2,2’ ~-bis(4-aminophenyl)-1,4~-diisopropylbenzene, also
known as bis-aniline P (BAP), 3,3’ ~-diaminophenylsulfone
(APS), and 1,3-bis(3-aminophenoxy)benzene (APB).

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 pﬁrity, have excellent adhesive properties, and
be easy to apply using mass production techniques.

In some of these applications, it is very desirable for
the adhesive tape to have a T, in excess of about 200°C so

- that a chip bonded with the adhesive tape remains rigid
ddring wire bonding, which prevents the formation of weak
bonds. At the same time, the temperature at which the tape
bonds to a substrate should be relatively low to éermit more



heating rate of [err] in tension node at 1 Hz.) A 25 W% S hﬁbLﬂ?EﬁEN
pol ymer was prepared by weighing the dry precipitated pol yper | 4?“@
with NWP and slowy rotating overnight. Adjustments were rRggyl.f % T
viscosity was too high or too |low for casting. The sol utia
stand at roomtenperature to release & r bubbles. The sol ution was cast
onto a surface treated (release agentT—ponetherne t erepht hal at e (PET)

fimwth a Hagth flolebsing' of Ehadenipd ?nhe@ah?eaﬁﬁh&c thakhld 8tregken
whi ch |ncrease8 tenpera ure at a ra err e tenperature was hel d
at [err] foraﬁdhaﬂhabﬁen QQ@beﬂ -18 Patéh& Rb. [Q 6k4,B528¢hs, approximately
1" x 2.5 to 3" and 8 mls thick, of "Aloy 42" (42 wt % ni ckel and 58 wt %

iron), were cl eannémnnydetnageat;uaﬁdmbﬁtswber ai high W) tamdomi C
relatively low bonding temperature are contradictory. That
is, n§st polyimidesiloxanes have a bonding temperature at
least 100°C higher than their T,, and the higher the T, the
greater will usually be the difference between the bonding

temperature and the T,.

Summary of the Invention

We have discovered that adhesive tapes made with BPDA
or ODPA, a siloxane-containing diamine, and a mixture of at
least two of the diamines BAPP, BAP, APs,'gnd APB have T,'s
in excess of 200°C, and often in excess of 230°C, and a
bonding temperature that is only 20 to 75 degréés higher
than their T,. This is apparently due to a synergistic
interaction between the diamines because the mixture of
diamines produces a polyimidesiloxane having a smaller
differénce between the bonding temperature and the T, than
does any of the diamines by itself. A synergistic
interaction between the two diamines is also demonstrated by
the fact that the peel strength of a polyimidesiloxane
adhesive made with that mixture of diamines is higher than
the peel strength of polyimidesiloxane adhesives made from
any of the diamines by itself.

The unusual polyimidésiloxanes of this invention can be
used to prepare oﬁe, two, or three-layer adhesive tapes.

Because of the high T, and relatively low bonding temperature



bath, then rinsed with water 3 to 5 mnutes in a dish tdgp@_hggmm;ymer'
in an ultrasonic bath for 3 to 5 minutes, and with acetjpne i agﬁk

an ultrasonic bath for 3 to 5 mnutes. The pieces were ghq% b
rinsing with acetone and drying in_a dry, clean nitroge -
~previously prepared filns were cut into strips of 1/4" (6.35 nmm by about 2
inches to 2.5 inches. A strip of fil3nwas placed on a cleaned panel with
the "air" side of filmdown (i.e., side that was not in contact with the

PET). A strPg# &Peﬁel Fapes.ando hpcEnEbaks theyc89 DRt 8¥OLYRi s sandwi ch
was pl aced Onl%%&l %urqhg %ggsttﬂL %L%gbngghaRQghly desirable for

applications in the electronics industry.

Description of the Invention

The polyimidesiloxanes used in fhe process and product
of this invention are not only fully imidized but are also
thermoplastic and soluble in a solvent. The
polyimidesiloxanes caﬂ be formed by reacting a dianhydride,
(BPDA, ODPA, or mixtures thereof) with at least two of the
four diamines (BAPP, BAP, APS, and APB)--plus a diamine
containing siloxane groups.

We have found only two dianhydrides, BPDA and ODPA,
that result in polyimidesiloxanes having the unexpected
property of a high T, and a relatively low bonding
temperature. Mixtures of thesé two dianhydrides can also be
used. The preferred dianhydride is BPDA because it results
in adhesives having a higher T, and a higher peel strength.

We have further found that only mixtures of two or more
non-siloxane containing diamines selected from BAPP, BAP,
APS, and APB results in polyimidesiloxaneé having the

~ unexpected propergies of higher T, and relatively low bonding
temperatures. Each diamine in the mixture can be present in
an amount of about 10 to about 90 mole$ (based on the
mixture of these diamines). A prefefred mixture is about 10
to about 90 molet BAPP and about 10 to about 90 mole% BAP
as, if more than 90 molet BAPP is used, the T, of the

polyimidesiloxane becomes unacceptably low and if more than



the entire assenbly was placed in a preheated Carver Pr§
fifty pounds of pressure were applied for 60 seconds. Tj
renoved and allowed to cool. Sanples were bonded at "a S
tenperatures. Peel strength was then tested [err]. The
1.9 cmMmnute. Bond tenperature was taken as the tenperature. at which the
peel ‘strength pl ateaued. Exanples 2 t& 19 Exanple 1 was repeated using

di ff ' | owi '

or epar at | on Dot g Bofet AL s (Bed Ung Btebitds (1He Rifoinss |

bondi ng t enpgy a1 € Bd ndifd ! | wikh [B{Sp 41kf'ad | WY Hiamines are more
preferably used in a proportion of about 20 to about 80

molet BAPP to about 20 to_about 80 molet BAP; the maximum
properties seem to be achieved at a 50:50 molar ratio. BAPP
and BAP are the preferred diamines.

| .The siloxane-containing diamines can be either aromatic
or non-aromatic, but non-aromatic diamines are preferred as
they are more readily available. Examples of siloxane- ‘
containing diamines that can be used include diamines having

the formula
R R
' 3 ' *
HZN ?l -0 ?n —Fn‘l —NHZI
| R m R

where R and R, are néno and diradicals, 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 arcmatic group. Examplés
of monoradicals include -CH,, -CF,, -CH=CH,, =-(CH,).CF,, ~CgH;,
~CF4~CHP-CF,, and -CHy~CH,~C~0-CH,CF,CF,CF,. |

o

Examples of diradicals include
=(CH;) p=,» =(CF;),~, -(CH,),CF,~ and -C/H,~, where n is 1 to 10.
'i‘he siloxane diamines are herein denoted by the notation
"G,", where "m" is the same "m" that is in the above formula

and can be 1 to 200, but is preferably 1 to 12.



12 Ex.” Dianhydride Di asi nes REPLACEMENT SHEET
Petl Used (noles) Diasine Ratio Varied 1 SPDA 10

BAPP( 1) BAP( 1) 10 17T 209 %300 51 |ipye 1 8. 0T 89,
*BPDA (1) 10 i 2.5 230 |288——38

1.1 3  BPdA BAPP(1) BAP(3) 10 1 2 257 300
43 1.1 4 BPDA BAPP( 1) BAP( 9) 10 1 2
260 350 >90 0.8 5 BPDA BAP( 1) 10

1 2 The pRdyiimidesiloxames ©fathis iinvention] aze maderpsing
BAPP( 1) BAP( 1 10 1 2 249 300 51 1.4 7
00PA approximately stoichiometric gquantities of diamipe angdys 52
1.5 8 *BTD .BAPP( 1) B, 234

>350 116di§nhydridaopg that ég&géal;y results in thelhighes%
'molecular weight polyimidesiloxane, but the equivalent ratio
of dianhydride to diamine can range from about 1:2 to about
2:1. The diamine portion of the polyimidesiloxane of this
invention is about 1 to about 30 molet siloxane containing
diamine and about 70 to about 99 mole% of the diamine
mixture of two or more of BAPP, BAP, APS, and APB. If more
siloxane containing diamine is used the T, is lower, and if
less siloxane containing diamine is used the
polyimidesiloxane is less soluble and less adhesive.
Preferably, about 10 to about 20 mole$ of the diamine
portion is the siloxane-containing diamine and about 80 to
about 90 molet of the diamine portion is the mixture of
BAPP, BAP, APS, and APB. o
The polyimidesiloxanes of this invention are typically
prepared by forming a solution of the dianhydride and the
~ three or more diamines. It is preferable.to also include
about 1 to about 2 mole% of a soluble endcapping agent in
this solution to keep the molecular weight uniform so that
its properties and processing do not Vary greatly from batch
to batch. The endcapping agent is a compound that has only
a single anhydride group or a single diamine group.
Preferably, it has only a single anhydride group. Examples
of endcapping agents include phthalic énhydride, alkyl and
aryl substituted phthalic anhydrides, and polynuclear
anhydrigeé such as 1,8-naphthalic anhydride. The preferred



9  *BTDA TDA( 1)

0.0 10 *PMDA BAPP( 1) BAP( 1) 10 1 || REPLACEMENT SHEET
Resin Not Sol uble Diasine Varied 11  BPDA BAP( 1) gg&l] & OCT 1935
10 1 2 249 300 51 1.4 12 | RIPBIR fe.irveierrreereinnnsaine
BAPP( 1) ODA( 1) 10 1- 2 Resi n. Not Sol uble 13

BPDA BAPP( 1) APS( 1) 10 ¢ 2 300 50
1.4 14  *BPDA

Resin Not Sol&PSiGaPpins. MR%( 28 Pg‘(tp‘léﬁbp("{yéﬁlﬁ\dﬂ (Pa) bec‘i'ﬁe it is

0 %% Teidly eypilavls ana ehetmiity e, 200 AR
BAPP( 3) TDA(1) I8 Tpﬁagg]l%ent usghalgel)fo(}m th%5jsolut§.%%o c::(;’:9 the 0.8

H gher Level

300 dianhydrilie I%':1'130‘diam.’u'les should also dissolve the
2.5 205 7 o P b 08 bas ed on “anhyari de.

polyinidesiloxane that is formed. Suitable solvents depend

230

upon the particular domposition of the polyimidesiloxane
that is to 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 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 ihe 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% solids as more dilute solutions mean more
solvent to evaporate and more concentrated solutions are too
viscous.

The first reaction, which forms the polyamic acid,
occurs at room tenpératute and the second reaction, which
closes the imide rings, occurs at a temperature of about 150
to about 1ao°c.. Typically, the reaction mixture is refluxed
several hours to substantially fully imidize the polymer.

If it is desirable to prepare a very pure adhesive which
does not contain ionic species, the polyimide can be
precipitated from solution by addition to water, filtered,
waéhed with water, dried, and redissolved in a second

solvent (which may be identical to the first solvent used).



*Conpar ati ve Exanpl es. BTDA = 3,3 ,4,4" -benzophenone
di anhydri de TDA - 2, 4- di am not ol uene PMDA - pyr ong
DA - 4, 4" -di am nodi phenyl ether or 4,4'-oxydianilin
‘1, 4- bi s(4- am nophenoxy) benzene BAF =

:aﬁi:_r.ﬂééhhnﬂéﬂeﬁg
I t1 Cq O, NI el
ED&RER. Y. V29N

2,2' -bi s(4-am nophenyl) - hexaf | uor opr opane The above table shows that [err]

i ncreases wth the amount of BAP in the BAP/ BAPP m xture

and that the

di fference between [err] and bonding terdperature is mnimzed and peel

strength is Fdxismched standerd of purityndisenoksreguiredyrthe solution

of polyimide can be used as it was prepared. 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. |

A single layer tape can be made by depositing the
solution of polyimide on a non-stick surface such as
silicone-treated polyethylene terephthalate or
polytetrafluoroethylene. The solvent is then evaporated and
thé resulting polyimide film is peeled from the surface.
The two and three-layer tapes of this invention are made by
applying the solution of the polyimidesiloxane to a carrier
film and.forming a coating.on the carrier film. The solvent
is then evaporated from the coating. If a two-layer tape is
desired the solution is applied to only one side of the
carrier film, while if a three-layer tape is desired the
solution is applied to both sides of the carrier film.
Typicﬁlly, the carrier film is positioned horizontally while
the solution is spread over its upper surface with a doctor
blade. The solvent is then evaporated, and, if a three-
layer tape i# desired, the carrier film is inverted, and the
procedure is repeated. This can bé accomplished by hand or
in an automated process. R 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



13 Wth all BAPP, [err] and 'solubility are |ower (for t
conpared to the BAP/BAPP at 1/1-and. 1/3. At high levels
tenperature increases much nore than [err] and solubilit
Besi des BPDA, CDPA al so works wel | but gives a somewhat
I n place of BPDA did not bond well, requgglng hi gh bondi ng tenperature
(large [err]) and relatively Iom/peel ngth Wth PVDA, the imdized
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of the carrier film and a preferred thickness is about 0.5

T

CAS QS sreeraserrasens |

to about 1 mils on each side.

The carrier film can be made from almost any organic
polymeric material to which the polyimidesiloxane will
adhere. The polymerié material should have sufficient
solvent resistance to the polyimidesiloxane solution to
prevent its dissolution. The surface of the carrier f£film
can be prepared to enhance the adhesion of the
polyimidesiloxane to it. Such preparation can 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 tape preparation and
bonding conditions. Examples of such carrier films include
polyimides, polyimidesiloxanes, polyethylene terephthalate,
polyethylenenaphthalate, 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.

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 exanpl es of this invention have a high [err] conpared
préepared fromonly BAPP (Conparative Exanple 1) and have
solubility conpared to polyners prepared fromonly BAP. T
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this invention also have desirably small difference betwe

bondi ng tenperature, which is not readil*,achleved with other diam nes.
14 WE CLAIM 1. A solution conprising (Iy-an organic solvent;

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 at a

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

bond quickly and generally the pressure needs to be applied

for less than 1 to about 30 seconds, though longer times are

used in laboratory tests.

Although the tape can be used for many different

applicatibns, 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, ch;ps 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

A clean, three-necked, one-liter flask fitted with a

thermometer, mechanical stirrer, condenser, and Dean-Starke

trap with condenser, was purged with dry nitrogen. To the

flask was added 500 ml of freshly opened NMP, 50 ml of

toluene, and 41.63 gm (0.1415 moles) of BPDA.

after stirring, was opaque. Then 0.42 gm (O

The mixture,

.0028 moles) PA,

1.0 gm (.0040 moles) bis(3-aminopropyl)tetramethyl

disiloxane (G,), and 10.0 gm G, (0.0119 moles) were added and

stirred at room temperature for 4 hours. The mixture was

still opaque. Then 25.77 gm (0.0628 moles) BAPP and 21.60




(I'l) a polyam c acid conprising the reaction product of (JNREPLACE TSHEET
selected fromthe group consisting of 3,3',4,4" - biphenyl{jet rada&bﬂ 711885
di anhydri de, bis(3,4- dicarboxyphenyl)ether dianhydride, [ariEten.xturnes. ...

thereof; and (B) total diamine in a nolar ratio with said —
about 1:2 to about 2:1, where said total diamne conprises (1) about 1 to
about 30 nole % of a sil oxane-containi nd@i am ne and (2) about 70 to about

99 nole % of a m xture of dian nes which conprises_at |l east two di ani nes
sel ected froff BAPy(940628 moles) were added and the mixture was stirred

14 hours at room temperature. The solution was now clear
(no undissolved solids). The solution was heated to 170 to
175°C for 5 hours during which time approximately 11 mls of
water was removed with the refluxing toluene. The systenm
was converted for vacuum distillation and some of the
solveni: was stripped off. The solution was cooled and
precipitated into water in a blender. The solid polymer was
reslurried and made finer via high speed stirring, then
filtered and dried in a glass tray at 105°C for 16 hours.
The yield was 86.5 gms and the T, was 249.3. (The Glass
Transition Temperature T, was determined by ‘Dynanmic
Mechanical Thermal Analysis (DMTA). The T, 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.)

A 25 wts solutipn of polymer wa.s prepared by weighing
the dry precipitated polymer into a vial with NMP and slowly
rotating overnight. Adjustments were made if the viscosity
was too high or too low for casting. The solution was
allowed to sténd at room temper'ature' to release air bubbles.
The solution was cast onto a surface treated (release agent)
polyethylene terephthalate (PET) film with a 15 or 20 mil
doctor blade and dried in a circulating air oven which
increased the temperature at a rate of 8°C/min. The
temperature was held at 220°C for 1 hour then cooled at a
rate of 8°C/min. Panels, approximately 1" x 2.5 to 3" and 8
mils thick, of "Alloy 42" (42 wt$ nickel and 58 wt% iron),

were cleaned with detergent and hot water in an ultrasonic



. -t >
consisting of (a) about 10 to about 90 nol e% 2, 2- bi5(4[ﬂLREPLACEMENTSHEET
am nophenoxy] phenyl ) propane; (b) about 10 to about [err] ngg Eps
bi s(4- am nophenyl)-1, 4- dii sopropyl benzene; 15 (c) abgubatd@’ Lo, . dboul ! QQ
mol e% 3, 3' - di ami nophenyl sul fone; and (d) about 10 to ab&wt=—88—net

11
bath, then rinsed with water 3 to 5 minutes in a dish with
distilled water in an ultrasonic bath for 3 to 5 minutes,
and with acetone in a beaker in an ultrasonic bath for 3 to
5 minutes. The pieces were removed one by one, rinsing with
acetone and drying in a dry, clean nitrogen strean.
The previously prepared films were cut into strips of
1/4" (6.35 mm) by about 2 inches to 2.5 inches. A strip of
‘film was placed on a cleaned panel with-the "air" side of
film down (i.e., side that was not in contact with the PET).
A strip of polytetrafluoroethylene was placed on top. This
sandwich was placed on top of a thin sheet of Aluminum and
' the entire assembly was placed in a preheated Carver Press.
Two hundred and fifty pounds of pressure were applied for 60
seconds. The sandwich was removed and allowed to cool.
Samples were bonded at a series of temperatures. Peel
strength was then tested (90°). The rate of peel was 1.9
cm/minute. Bond temperature was taken as the temperature at

which the peel strength plateaued.

Examples 2 to 19
Example 1 was repeated using different components and
ratios. The following table summarizes the preparation of
these polyimidesiloxane adhesives and gives their T,, bonding
temperature (BT), BT-T,, and 90° peel strength:



bi,s(3-‘ am nophenoxy) benzene. 2. A solution according t¢ REmiACEMENTESREET
said polyam c acid includes about 1 to about 2 nol e% phijhali @r&lﬁdmge._ 3

A solution according to Gaim1 wherein said organi c soljves - Rehdeiiet
N-net hyl pyrrolidone. 4. a solution of i pol yi m desi | ox _ By
cyclizing the am c acid groups of poly acid in a solution according to

Caiml. 5 A polyimdesiloxane precipitated froma solution according to

Caim4. 6. fF VENL| eSS, substamia Ty oy o s gy g o A = e
adhesi-ve fil hflasiR@Ct i OF
LNo. 1 _Used . _feoles) | (wty) | (wt
Diasine Ratio Varied
1| sroa BAPP(1)BAP(1) 10 1
2 | «ePoa _BAPP(1) 10 K|
3 | sroa- BAPP(1)BAP(S) 10 1
4 | sroA BAPP(1)BAP(9) 10 1
| 5 | *sPoA BAP(1) 10 1
fDianhydride Varied
s | sroa BAPP(1)BAP(1) 10 249 | 300 | s 1.4
7__| oora BAPP(1)BAP(1) 10 1 275 | s2 1.5
8_| *B1OA BAPP(1)BAP(1) 10 1 254 | >350 | 118 0.8
9_| -svoa _TDA(1) 260 | sso 0.0
10 | *ruoa BAPP(1)BAP(1) 10 1 2 Resin Not Soluble
| Diamine Varied
11_| sroa BAPP(1)BAP(1) 10 1 2 | 200 | 500 | &1 | 1.4
_12 | sroa BAPP(1)0DA(1) 10 1 2 Resin Not Soluble ‘
13_| sron BAPP(1)APS(1) 10 1 | 2 Josolseo] so ] 1.4 J
14 | *BPDA TPEQ(1)BAP(1) 10 1 2 Resin Not Soluble ‘
15 | *8PDA BAPP(1)BAF(1) 10 1 | 2 | 25 | >ss0 | >91 0.6 ;
16 | 8poA ~ sapps)arB(1) | 10 1 2 | 22 | 215 | s2 1.2 :
| _17_| *sPOA BAPP(3)TDA(1) 10 1 o | 251 | 320 | o0 0.8
i Higher G Level
18_| <sPoA _BAPP(1) 10 1 _l25] 250 | s00 | 7 1.1
19 | *BPDA _ BAPP(1) 18 2 208 | 275 | 70 1.1

1. Mole% based on anhydride.

*Comparative Examples.

BTDA = 3,3’ ,4,4’ -benzophenone tetracarboxylic dianhydride
TDA = 2,4-diaminotoluene '

PMDA = pyromellitic dianhydride

ODA = 4,4’ -diaminodiphenyl ether or 4,4’ -oxydianiline
TPEQ = 1,4-bis(4-aminophenoxy)benzene

BAF = 2,2’ ~-bis(4-aminophenyl) -hexafluoropropane

The above table shows that '1‘, increases with the amount of
BAP in the BAP/BAPP mixture and that the difference between
T, and bonding temperatute is minimized and peel strength is

maximized at about 50 to 75 molet BAP vs. BAPP.



(A) a dianhydride selected fromthe group consisting of HE REPLACEMENT SHEET )
,4,4' -bi phenyl tetracarboxylic dianhydride, bis(3,4-dica boxyang tiﬁggfr
di anhydri de, and m xtures thereof; and 16 (B) total iB&E 'ﬁ h Wey.ar..
ratio with said dianhydride of about 1:2 to about 2:1, -
di ami ne conprises (1) about 1 to about 30 noble % of a siloxane- containing
diam ne and (2) about 70 to about 99 nole % of a m xture of

13

With all BAPP, T, and solubility are lower (for the
imidized polymer) compared to fhe BAP/BAPP at 1/1 and 1/3.
At high levels of BAP, bonding temperature increases much
more than T, and solubility decreases.

Bési&es BPDA, ODPA also works well but gives a somewhat
lower T,. BTDA in place of BPDA did not bond well, requiring
high bonding temperature (large "BT-T,") and relatively low
peel strength. With PMDA, the imidized polymer was
insoluble. |

The combination of BAPP and APS gave relatively hiéh Tqor
low "BT-T," and good peel strengthQ BAPP and APB (3/1) gave
a somewhat lower T, but bonded well (low "BT-T," and high
peel strength). -

The examples of this invention have a high T, compared
to polymers prepared from only BAPP (Comparative Example 1)
and have improved-solubility compared to polymers prepared
from only BAP. The examples of this invention also have
desirably small difference between T, and bonding
temperature, which is not'readily achieved with other

diamines.



di ami fes whi ch conprises (a) about 10 to about 90 nDIe'jQEELHGEME J SHEET
am nophenoxy] phenyl ) pr opane; ]
am nophenyl ) - 1, 4- di i sopropyl benzene; (c) about 10 to ab HDa&O nole@&S"S’ """ _
di ami'nophenyl sul fone: and (d) about 10 to about 90 nol e9 '

(b) about 10 to about 90 e@621

am nophenoxy) benzene. 7. A pol yi m desi | oxane adhesive f|In1accord|ng to

d a|n15 wherein the nolar ratio of dianllijdride to total diamne is

~approximately stoichionetric. 8. A poTyi ni desil oxane adhesive film
accordi ng to WB SLAXMahi ch is free-standing

1. A solution comprising

(I) an organic solvent;

(II) a polyamic acid comprisinq the reaction product of

(A)

(B)

a dianhydride selected from the group
consisting of 3,3’ ,4,4' -
biphenyltetracarboxylic dianhydride, bis(3,4-
dicarboxyphenyl)ether dianhydride, and
mixtures thereof; and
total diamine in a molar ratio with said
dianhydride of about 1:2 to about 2:1, where
said total diamine comprises
(1) about 1 to about 30 mole % of a
siloxane-containing diamine and
(2) about 70 to about 99 mole % of a mixture
of diamines which comprises at least two
diamines selected from the group
consisting of
(a) about 10 to about 90 mole% 2,2-
bis (4[4~
aminophenoxy]phenyl)propane:
(b) about 10 to about % mole%2,2' -
bis(4-aminophenyl)-1,4-

diisopropylbenzene;

A



9. A ﬁolyinidesiloxane adhesive filmaccording to O ai m{g.y [
m xture of di am nes conprises about 20 to about 80. nol e% REPLACEMERT SHEET

2, 2- bi s(4[ 4- am nophenoxy] phenyl ) propane and about 20 to BOUtISQ QQIQB@S
2,2' -bis(4-am nophenyl)--1 ,4-diisopropyl benzene. 17 - R
pol yi m desi | oxane adhesive filn1accord|_g§£o Claim6 wherein sald m xture
of di am nes conprises about 20 to about nol e% 2 '

, 2- bi s(4[ 4- am nophenoxy] phenyl) pan d abqut 20 to about L%
3,3 - dianinonylsulfone. 11. A po %& eé?ﬂ%tr ]rﬁ%cir'g*d' ng to
Gaimé dumnnmphanﬂsutﬂxm; and

(d) about 10 to about 90 molet 1,3-

bis (3-aminophenoxy)benzene.

2. A solution according to Claim 1 wherein said polyamic
acid includes about 1 to about 2 molet phthalic
anhydride.

3. A solution according to Claim 1 wherein said organic

solvent is N-methylpyrrolidone.

4. A solution of a polyimidesiloxane made by cyclizing the
amic acid groups of polyamic acid in a solution

according to Claim 1.

5. A polyimidesiloxane precipitated from a solution
according to Claim 4.

6. A solventless, substantially fully imidized
polyimidesiloxane adhesive film comprising the reaction
product of _

(A) a'dianhydride selected from the group consisting
of 3,3',4,4'-biphenyltetracarboxyiic dianhydride,
bis(3,4~-dicarboxyphenyl)ether dianhydride, and

mixtures thereof; and

R



wherein said mxture of diamnes conprises about 20 to
2, 2-bi s(4[ 4- am nophenoxy] phenyl ) propane and about 20 t
1, 3-bi s(3- am nophenoxy) benzene.- 12. A free-standing t
tape conprising a polyimdesil oxane adhesive fil maccor
bonded to a carrier film 13. A free-standing three-|layer adhesive tape

conprising a polyimdesiloxane adhesivejgil maccording to Caim6 bonded to
each side of a carrier film 14. A free=standing three-layer adhesive tape

according to O ai gy VEsE£l afemihé A i £ mdldiMratfo RPlLH Bk 15 A
met hod of making a pol yi m desi| oxane adhesive film conprising

‘dianhydride of about 1:2 to about 2:1, where said

total diamine comprises
(1) about 1 to about 30 mole & of a siloxane-
containing diamine and |
(2) about 70 to about 99 mole ¥ of a mixture of
diamines which comprises
(a) about 10 to about 90 mole% 2,2-bis(4[4~
aminophenoxy)phenyl)propane; '
(b) about 10 to about 90 mole$ 2,2' -bis(4-
amiﬁophenyl)-1,4-diisopropy1benzene;
(c) about 10 to about 90 molet 3,3’ ~
diaminophenylsulfone; and
(d) about 10 to about 90 mole%-1,3-bis(3-

aminophenoxy)benzene.

7. A polyimidesiloxane adhesive film according to Claim 6
vherein the molar ratio of dianhydride to total diamine
is approximately stoichiometric.

8. A polyimidesiloxane adhesive film according to Claim 6
which is free-standing.

9. A polyimidesiloxane adhesive film according to Claim 6
wherein said mixture of diamines comprises about 20 to
about 80 molet 2,2-bis({4[4-aminophenoxy)phenyl) propane
and abdutlzo to about 80 molet 2,2’-bis(4-aminophenyl)-
1,4~-diisopropylbenzene.

e



(A) formng a solution according to daim1; (B) heati ng || SRERLAGEMENTOSHEET ||
about 150 to about [err] to forma solution of a substanyially fu{h ac |
i m di zed pol yi mi desi | oxane; 18 (O spreading said sol tmma;an"augzjg%ée'

and (D) evaporating said organic solvent fromsaid sol utbes '
adhesive filmon said surface. 16. A method according to C aim 15 wherein

said surface is a non-stick surface and?7said adhesive filmis peeled from
sai d surface. " R

10. A polyimideéilbxane adhesive film according to ciaim 6

‘wherein said mixture of diamines comprises about 20 to
about 80 molet 2,2-bis(4[4-aminophenoxy]phenyl) propane
and about 20 to about 80 molet 3,3’ - diaminophenylsulfone.

11. A polyimidesiloxane adhesive film according to Claim 6
wherein said mixture of diamines comprises about 20 to
about 80 mole% 2,2-bis(4[4-aminophenoxy]phenyl) propane
and about 20 to about 80 molet 1,3-bis(3-

aminophenoxy)benzene.

12. A free-standing two-layer adhesive tape comprising a
polyimidesiloxane adhesive film according to Claim 6
bonded to a carrier film.

13. A free-standing three-layer adhesive tape comprising a
polyimidesiloxane adhesive film according to Claim 6

bonded to each side of a carrier film.

14. A free-standing three-layer adhesive tape accofding to
Claim 13 wherein said carrier film is a polyimide.

15. A method of making a'polyimidesiioxane adhesive film
comprising
(A) forming a solution according to Claim 1;
(B) heating said solution at about 150 to about 180%:
to form a solution of a substantially fully
imidized polyimidesiloxane;

I

T



17. A'nethod according to C aim 15 wherein said surface
and said solution is spread on only one side of said carrier fil. Al
nmet hod according to Claim 15 wherein said surface is a gé{eléjafm}{ll% ,
said solution is spread on both sides of said carrier f : t }

REPEACEMENT SHEETT|

"
L f.

- s o 2 o a5

LERE A=A~ C

maki ng an adhesive filmconprising (A formng a first solution according
to daim1l; (B) heating said first sol @8i on at about 150 to about [err] to
forma solution of a substantially fulTy imdized polyi mdesil oxane; (O
preci pi tating sai (Cubspreadingy said solutionconpal puxifacei:l endne from sai d

first solution;

16.

17.

18.

19.

(D)

(D) washing said precipitated substantially fu&hy

evaporating said organic solvent from sa

solution to form an adhesive film on said surface.

A method according to Claim 15 wherein said surface is

a non-stick surface and said adhesive film is peeled

from said surface.

A method according io Claim 15 wherein said surface is

a carrier film and said solution is spread on only one

side of said carrier film.

A method according to Claim 15 wherein said surface is

a carrier film and said solution is spread on both

sides of said carrier film.

A method of making an adhesive film comprising

(a)

(B)

(€)

(D)

(E)

forming a first solution acéording to Claim 1;
heating said first solution at about 150 to about
186°c to ft.:rm a solution of a substantially fully
imidized polyimidesiloxane; _

precipitating said substantially fully imidized
polyimidesiloxane from said first solution;
wéshing said precipitated substantially fully
imidized polyimidesiloxane;

forming a second solution by dissolving said
precipitated substantially fully imidized

polyimidesiloxane in an organic solvent;

D



i m di zed pol yi m desil oxane; (E) formng a second sol utiff
sdid precipitated substantially fully imdized polyim
or gani ¢ sol vent; 19 (F) spreading said second sol uti
(G evaporating said organic solvent fromsaid second s
adhesive filmon.said surface. 20. A nethod according to O ai m 19 wherein
said surface is a non-stick surface and igld adhesive filmis peeled from
sai d surface

EPXASE&%RNHEET
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nrm.

(F) spreading said second solution on a surface; and
(G) evaporating said organic solvent from said second

solution to form an adhesive film on said surface.

20. A method according to Claim 19 wherein said surface is
a non-stick surface and said adhesive film is peeled

- from said surface.

21. A mefhod according to Claim 19 wherein said surface is
a carrier film and said second solution is spread on

only one side of said carrier film.

22. A method according to Claim 19 wherein said surface is
a carrier film and said second solution is spread on

both sides of said surface.

I



21;'A‘nethod according to Claim19 wherein said surfaceff m
and sai d second solution is spread on only one side of aﬁ%ﬁ%ééﬁ#%ﬁfﬁ i
22. A nethod according to Caim19 wherein said surface '5at§ (‘a‘rﬂ@'f]g%m
and said second solution is spread on both sides of sai ¢_SUrface

POLYIMIDESILOXANE ADHESIVE

Diéclosed is a polyimidesiloxane adhesive made by
'reacting in a solution of an organic solvent a dianhydride
selected from the group consisting of biphenyl dianhydride
and oxydiphthalic anhydride with an approximately
stoichiometric amount of a diamine. The diamine is a
mixture of about 5 to about 30 molet of a siloxane-
containing diamine and about 70 to about 95 mole% of a non-
siloxane containing diamiﬁe. The non-siloxane contaiﬁing
diamine is a mixture of about 10 to about 90 mole% each of
at least two of the diamines 2,2-bis(4[4-
aminophenoxy]lphenyl)propane, g;g:~bis(4-aminopheny1)-1,4-
diisopropylbenzene, 3,3’ - diaminqp}mylsulfme, and 1,3-bis(3~-

aminophenoxy)benzene. The adhesive can be made into one, .
two, and three-layer tapes (or dispensed in other ways)
which have a high T, and a relatively low bonding

temperature.



