2123 " COVPCSI TI ON OF MATERI ALS FOR FORM NG PROTECTIVE FI £M I N
SEM DUCTOR DEVI CE" This invention relates to a corrposztizgﬁ n?aterl al s
for mng a protective filmin & dem - conductor devic

party€ul-arly to-a conposition of materials for formng a protective filmin
a 5 sem conductor device not causing errorous operations (soft errors) by

I nci dence of a-rays from outside of a sem conductor elenent. Recently it
has becone known tmmnmnmummxmm IME nenory 10
el enents takes pladd P (SEM T CONLIUC e f 1. -> "0" or "Q" -> "1",
that is, soft errors, is often caused. A najor source of the a-rays |s
trace aqpunts of uranjum and thoriumc eram.c case or

i nor ganic f|IIer cont '*ﬁxﬂqYFqEﬁoﬁ.fﬁg?%% g?iﬁgcpﬂgPﬁlﬁégﬂ P packaglng

d th
E:gﬁtglntegeﬂgr\?/ae %een propog'{:a!:(?i‘m[;%&‘?OSIS%‘I:Qrc ggggaggl %ur?gg{ﬁ#ﬁ}_ggl ly ortum
difficult QﬂﬁﬁhﬁﬂﬁortdBéi&H(”Hﬁ%ﬁ%éi%?gicﬁfegfg £8mpl @ ﬁa¥s it90n On

the other hand, soft errors can vent e y consi deTing Sofeui t desi gn

of seni- coBluRitErdXEfds. fRHIAY & PROBOGLRTENgS1AbOH! adef ects of
increasing the chip area, and the Tike, so that it is not used practically

except “fSor semiconductor device not causing errorous operations

(soft errors) by incidence of a-rays from outside
of a semiconductor element.

Recently it has become known that when
incidence ofla—rays into semiconductor memory | |

10 elements takes place, reversal of'info;mation of
"l" + "Q® or "Q" "l", that is, soft errors, is
often caused. A major source of the_aerays is
trace amounts of uranium and thorium contained in
a ceramic case or an inorganic filler contained in

15 a thermosetting resin used for packaging the elements.
Thus, various methods for reducing the uranium and

" thorium contents have been proposed, but since -
there are many techinically difficult'problems,
this problem is not solved complately.

20 On the other hend, soft errors can be
prevented by considering circuit design of semi-
conductor elements. But this nethod brings about
defects of increasing the chip'aﬁea, and the like,
so that it is not used practically except for a

25 very special case.
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25 b-ry special case. : -2- It is known that organic materials generally - /.
have TOwer.content$ of uranium thorium etc., which are a-rays sources (E
othgr than inorganic materials, and even if uranium thorium etc. are 5
contained in the organic materials, their cofitéents can relatively easily be
reduced by purification operations of constituting raw materials such as

di ssit | ation, redrystallizati df ¥epReohithat AFHNIH PR3 s, and the

i ke and that the organic 10 naterial s have ,a functdon of. absqrbing a-rays.

Thus, there have beé%”ﬁﬂﬁgﬁﬁb A¥S LQWer, CanhSAtH, Qﬁiﬁ%ﬁqffgﬁﬂﬁl ween

a packagi ng | ayer an sem.cqonduct of_ b ~1.aYS; e -

organi c |l ayer and t & Preeve lcgbﬁreeﬁ cfregf%?%%&e e‘%é{]% q.'glr’]agysldp riﬁr}’%

them gain practical iy 3l © UMY Yin "EMUDarRl BIT° Uit PRIk
etc.,

ceram cs, thernosetting resins, or securing noisture resistance. In

the case of ceramng C QAAHIH ird Mhed YHRH I BN ALY GHeir’ Gt $50C
in the case of using gold-tin eutectic crystal as packagi ng adhesive, but
the packaging tenperininelft iy «dEily bd Medinmed Wy WuriFication
| operations of constituting raw materials such as
distillation, reérystallization, reprecipitation of
the materials, and the like and that the organic

10 materials have a function of absorbing a~rays. Thus,
there have been done many'triéls of forming an organié
layer beiween a packaging layer and a semiconductor
element to absorb a~rays by the organid layer and
to prevent soft errors.of the element,'and some of

15 them gain practical use. |

Semiconductor memory elements are
packéged by ceramicé, thermosetiing resins, etc.,
for securing moisture resistance. In the case of
ceramic packaging, the packaging temperaturelis'

20 about 350°C in the case of using gold-tin eutectic
crystal as packaging adhesive, but the packaging
temperature is about 450°C in the case of using
low-melting glass as packaging adhesive. In the case
of thermosetting iesin packaging, curing is

25 conducted by heating at about 200°C. .Thereforé;
the organié material used for absorbing a-rays should
have properties for sufficiently withstanding

such heat~treating temperatures. As the organic



packagi ng, curing is 25 conducted by heating at about 200[*err] C. ThereTore,
the organic material used for §b§orbing [err]-rays shoul d"have properties,
for sufficiently withstanding such heat-treating tenperatures. As the
organi c 1 material for such a purpose,, polyimde series resins are __ .
maidn| ywakarialofom Sughd BRPSeys ' 4485 there are used filgsl -
of silicon oxide, sjlicon 5 nitride, and the like in seniconductor nenory

eldﬁrre_rﬁ%s.m@ar?é?eat IW’?B’e?’rﬁeﬁ’g pol yi rrit_cie sfe_r: es 'rle'si nsdhavte very poor.o-I -

adhesi ve propertje 0 ese .passi vation f.i . Qrder to give good -

aqhesi ve prope.rtd%},hq tOthﬁﬁégaé'g@aﬂ? tp@mvaa@%o&% q’rﬂf agent such as 10

si | anq:?_lel%r qan q”cﬁmeld;aj'_[ﬁass gf r@ﬁ!c%n ngﬁ'de,Aisir]ﬁg:tdnoned above, so far as
I'onal “polyirm ed,

conven e’seri‘es resins are used, e step of forqing a

coupl ifye ARN! drid Phd I iKEIH AnBicoflutt i Silncky R1Mertdy Making the
process conplicate ut -al'so- 15 causing a danger “of formng a new source
for [ Generally WHRRAKITIAN I co1GM ide® 1N INdSsi0fs TRIvY S are used-as
coupling agent because the renoval of materials emtting a-rays contained

I N i nafeggnipoormiadtiedivrd properties to these passivation

(j>IOMFnelting gl ass as packagi ng adhesive. In the case of thernnsetting_?”sfn
i

films. 1In order to give good adhesive properties,
it is necessary to use a éeupling agent such as

10 silanes, organic chelates of metals, etc. As
mentioned above, so far as conventional polyimide
series reéins_are used, the step of formiag a -
coupling ageﬁt layer ié_inevitable, which results in
not only makiﬁg the process compliéated but also

15 causing a danger of forming a new source for aéréys-
when organic chelate compounds of metals are used
as coupling agent hecause_the removal of materials
'emitting a-rays contained in inorganic materials is
very difficult as mentioned abéve. Further since

20 the dgcomposition‘tempgraturé of silane coupling
agents is 300 to 350°C, the silane cbupling agents
cannot withstand the ceramic packaging temperature,
particularly.in the case.df us;ng low5melting glass.

This invention provides a composition of

25 materials for forming a protective film in a
semiconductor device, a cured product of said
composition being exéellent in adhesive properties,

heat resistance withstanding the heat-treatment



vety difficult as mentjoned above. Further since 20 the deconposition
t enperat ure of silrane coupling agents is 300 to 350[err]C, the silane
coupling agent,s cahnot w thstand the cerani g, packagi ng tenperature,
pafticularly in the case of using lownelting glass. This invention

provi des a conposi tion_of _25 terials f.or f ' ro ' ' a
segi_conduct or deaiCEFNReEE%EEQEF d %F 0 saF%rg%%%@?ﬁ@ﬁbn%%éF%%v%?%ghhgnt
i n adhesi ve properti exl.St ance, i st andi ng the heat -treat ment

1 tenperature at tth?Fh%Q% r%a?b%b?%b%égﬁ&%feventing soft errors due to

a-rays. In accordance wth thitg iJ¢erdante Wihe thisPHaVeRed on ,CHMRER ti 0N
of materials for formng 5 a protective filmin a sem conductor device
whi ch conprises (i) ig pRloyddede adeothpdiditione ofnmarerdiadlse folt Eorad nldy
reacting: (a) a di am noam de conpound of the fornula: [err] wherein Ar
is an aromatic ré&si dupratektdvel €ilm [iar @] semiconductor device? whiehof

am no groups and the Y-NH err] group are positioned at ortho position each
ot her, - comprises (i) a polyamide acid-silicone intermediate

obtained by reacting:

{a) a diaminocamide compound of the formﬁla:
NH
H,N - Ar:: 2 (1)
g Y- NH2

wherein Ar is an aromatic residue such as
Q.8 . 0Q,
’ etCO; "

10 X is O, CH,, SO,, S or CO; Y is SO, or CO, and
one of amino groups and the ¥-NH, group are positioned

at ortho position each other,

(b} a diaminosiloxane,

(c) a diaﬁine, and _
15 (Q) an aromatic tetracarboxylic agid'dianhyariae,
o and | |

{ii) a solvent.



) a di am nosil oxane, (c) a diam ne, and 15 L (d) an aromaf i’
¢t racar boxylic acid dianhydride, and (ii) a solvent. The pol yam de
gci d-silicone internediate used inh this invention can be produced by a
nown process, for exanple, a process disclosed in U S Patent No.
4,3§8,426. 5 Fhﬁ golxghﬁd§059953931§£ong'§ F g?gﬁ gonpounds of the __
i nc e rr

formula (1), | om ng conpounds: err] [err] [err] lg4

the abexsgf Qﬁnﬁhﬁﬁ ?h{rénEQoﬁVbaanéspggauEédC%r X kfion CHerr], SO[err],

or CO, an e Y-NH err] group is positioned atl the ortho position as to
one NHgree@yB, £6r Exaﬁ?lés &f pkbeediagiBeaskea gangosnds (1) are

4, 4" -di am nodi phenyl er-3-sul fonam de, . 3,4' -diam nodi phenyl

et her - BagsehtoNewi 4¢338,426. :

5 The component(a), diaminoamide compounds of

the formula (I), includes the following compounds:

Y - NH,
HzN NE, . {III)
Y- NH, '
. NH, -
H,N (IV)

In the above formulae (II) to_(V),_Y-is 80, or CO,

X is 0, CH2, §0,, § or CO, agd the Y—NH# gréup is

positioned at the orﬁho positibn as to one NH, group.
10 Examples of the diaminoamide compounds (I) are

4,4'-diaminodiphenyl ether-B-sulfonémide,



3,4’ - di am nodi phenyl ether-3 '-sul fonam de, 3, 3'-diam nodi phenyl
etth‘4 sul f onamde, 4,4'-di am nodi phenyl net hane- 3-sul f onam de, 5
3,4 - dlan1nodjphenylnethane 4- sul f onam de, 6 -

354" -di am nodi phenyl net hane- 3' -sulfonanlae

3, 3' - di am nodi.phenyl net hane-4- sul f onam .
4,4.- dian1nodlﬂhenylsulfcnua%%ﬁnﬂ qé;phenyl ether-4-sulfonamide,

-di am nodi phenyl sul f one-4 0 i
-dian1nod|phenylsulfone fltﬁ 3ﬁ%ﬂﬁé§?ﬁg&yl ether-3'- ~sulfonamide,
- di am nodi phenyl sul f one- Felatet

- di am nodi phenyl sul fi de- %’%ul ona%

-dian1nod|phenylsulflde44 ‘ﬂéiﬂﬁiﬁdkiphenylmethane-3—sulfonamide,
- di am nodi phenyl sul fi de- 4- sulfonan1de 15° 3,4

am nodi phenyg sul fi de- 3" - w}lmamoﬁmph&mém%&ﬁdﬂéﬂw de,

4' - di am nodi phenyl et her-3-carbonam de, 3,4'-dianinodi phenyl

3,

3,

2 3 phenyl ether—4-sulfonam1de,
3,

3,3

4,

et her - 4- car bonam de, 3, 4'- chzuﬂ*Kﬂhqdinqd1phén¥lﬁhthzndxﬁﬁﬁsukfoﬂﬁhlde,
3,3

3 1

3 1

3,3 -

4 I

3 1

3

b
4'
4'
4'

di a

, 3' -di am nodi phenyl et her-4-carbonam de, 4,4’

di am nodi phenyl net hane- 3- ca birediaminodiphenylmethane-4~sulfonamide,
- di am nodi phenyl net hane- 4- car bonam de,

di ani nodi phenyl net hane-4/4 m#iaminadipheny lsul fone-3~-sulfonamide,

- di am nodi phenyl net hane- 4- car bonayi

- di am nodi phenyl sul f one- @_%ar‘gﬁmqéxphenylsulfone-al -sulfonamide,
' - di am nodiphenyl sul f one-4-carbonam d 2
dianinodipheﬁ@fsulfone 3' - {;réhﬁWﬁP éiphénylsulfone 3'-sulfonamide,

’3"dia”inOdiphenyjSu'fcnmaf£§$H&EHHHRé§&phenylsulfone-4—sulfonamlde,

4,4'~-diaminodiphenylsulfide-3-sulfonamide,

4' -
4' -
4
4

3,4'~diaminodiphenylsulfide-4-sulfonamide,
3,3'-diaminodiphenylsulfide-4-sulfonamidé,

15 _ : 3,4!-@iaminodiphenylsulfide-3'-sulfonamide,
1l,4-diaminobenzene~-2~-sulfonamide,
4,4'-diéminodiphenyl ether-3~-carbonamide,
3,4'~diaminodiphenyl ether-4-carbonamide,
3,4'-diaminodiphenyl ether-3'-carbonamide,

20 3,3'-diaminodiphenyl ether-4-carbonamide,

. 4,4'Tdiaminodiphenylmethane—3-carbonamide,
3,4'~diaminodiphenylmethane-4-~-carbonamide,
3,4'-diaminodiphenylmethane-3'-carbonamide,
3,3'-diaminodiphenylmethane-4-carbonamide,

25 4,4'-diaminodiphenylsulfone~3-carbonamide,
3,4'-diaminodiphenylsulfone~4~carbonamide,
3,4'~-diaminodiphenylsulfone~3'~carbonamide,

3,3'-diaminodiphenylsulfone-4-carbonamide,




- 4,4 -di am nodi phenyl sul fi de- 3-car bonam de,
- di am nodi phenyl sul fi de- 4- car bonam de,

2 -dlanlnodlphenylsulflde 4- czrbonanide,

;4" - di ami nodi phenyl sul fi de-37-8ul"f onanmi de, 5-
1, 4 di am nobenzene- 2- car bonani de, .and the |ike. These dlan1nod|an1de
conpounds can be didet-diaminagipheny kaud fidet3ngaiionamidali ani nosi | oxane s
(b) usable in this invention can be represented by the fornula: [err]. 10
wherein R is a bided mdianinesiphany kgwkiidendrearhonamidy preferabl y

having 1 to 5 carbaop, a Iene ubstlt ted by al kyl, and
R is a nnnovaleﬁ:qnué*ﬁﬂ%ﬁéﬁ%éﬁ%ﬂ#ﬁ%ﬁiga &bly having 1 to 5
carbon atons, ph henyl 15 .sub R or R may be
the sane or di ffg] t &)’Eﬁﬂf}/‘?‘?ql Sfrﬁlé]gée}éjeo?by "?kf/}rﬁﬂ ch§<’arrp| es of these
di arg nosi | oxanes lar4e ?isax{ﬂéﬁjé’i?zex{f i-lcarbonarude, and the '

like. These diaminodiamide compounds can be used

alone or as a mixture thereof.
The diaminosiloxane (b) usable in this

invention can be represented by the formula:

b
. H2N - R ?1 — 0 - ?1 - 3 - NH,
: R' "/ n R’

10 wherein R is a bivalent.hydrocarbon group such.as
alkylene preferébly having 1 to § carbbn atoms;
phenylene, phenylene substituted by alkyl, and R' is
a monovalent hydrocarbon group such as élkyl
preferably having 1 to 5 carbon atoins, phenyl, phenyl

15 - substituted by alkyl, each R or R' may be'the same
or dlfferent, and n is an integer of 1 or more.

Examples of these dlamanSLIOxanes are as

follows:

TH3 _",:Hs |
HN - (CHy), - ?i -0 - ?i - (CH,) ; - NH,,



al Owe or -as a mi xture thereof. These di ami nodi si |l oxanes can be synthesi zed’
by the process described in, for exanple, U S. Patent 5 No. 3,185, 719. i\
As the dianine (c), there can be used con &entionally used ones, for
exanpl e, 4,4'-diam no- di phenyl ether, 4,4'-diam nodi phenyl nethane, 4,4'-
d{ am nodi phenyl sul f one, 4,4"-di-am nodi phenyl sulfide, 5 benzidine;

m phenyl enedi am ne, p-phenyl enedi am neggl, 5- napgRal enedi anmi ne, . .

2, 6- napht hal enedi am ne, and the Iike. Th%Se di afn des can be used al one or
as a mxture thereof. 18§ - (CH,), £ssihe petrggarboeyl) ¢ acyd, ¢di anhydride
(d), there can be used c%nventio%afly bised ones] for ex ngle, pyronellitic
aci d di anhydri de, 3,3',4,4'--diphenyltengacarboangic aci d di anhydri de,

3,3 ,4,4"- : _ ' _ |

[%nr] [err] [err]'[egr] [err] [err] 1 These di am nosil oxanes can be used (?E}

TGHS fsﬂs'
H,N = (CHy), - ?i - 0 - 8i - (CHy)y - MHy,

C.H C.H

&8s %5
CH, CH,
3 ?33 ?33 3
HZN ?i -0 - ?i NHzr
L B S T - B |
CGHS CGHS-
SR B CHy
HZN - (CH2)3 - ?i -Q =- Ti -0 - ?l - (CHZ) 3 - NHz
CH3 CH3 o CH3

1 These diaminosiloxanes can be used alone or as a
mixture thereof.
These diaminodisiloxanes can be synthesized
by the §rocess described in, for example, U.S. Patent

5 No. 3,185,719.
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enonet etracar boxylic acid di anhydride, cyclo- 15,
tetracarboxylic acid dianhydride, 1, 2,5, 6-

| enet etracar boxylic acid ﬂlanhydrlde 2,3,6,7-

| enet et racar boxylic acid fianhydride, 2,3,5, 6-
etetracarboxylic acid dlanh dride, 1,4, 5 8-

| enet et r ac ASh e iddagding f@@#@bca@ beg used men-

netetracarboxyllc acid anh dr sul f.onyl di phthalic acid
WFH@‘Q%%}QﬂW sed one EHD% ﬁéﬁﬁ e3 4 4¢'qﬁ AMERAN t et racar boxylic

IR e A VR e, U, 1 et e

resi stance
These

&Q%ﬁgkbglgﬁbg iy ﬁg%gthqs4aaﬁﬂgafﬁg %ﬁ%}i%ﬂifi Se2 Mioxture

ISTinv out” "equi ol ar Ao -10 -

bRa%vkiineac gﬂbﬁ?‘iﬁﬁ@ﬂ%ﬁésﬁiﬂ@hy‘@n@ andif@ tot al

am de conpoun

1
of the

di am nosi |'oxane and the di am ne (or a total

of

—

£

E‘BQnﬁgﬁhﬁﬂ%hbaléﬁhneﬁbh BSRdhaphthalenediamine, ardd is preferable to

o0 30%

nt, i.e., the diam noam de (a),
These diamines can be used alone or as a

mlxture thereof. '

As the tetracarboxyllc acid dianhydride (d),
there can be used conventionally used ones, for
example, pyromellitic acid dianhydride, 3,3',4,4'-
diphenyltetracarboxylic acid dianhydride, 3,3',4,4'~
benzophenonetetracarboxylic acid dianhydride, cyclo-
pentanetetracarboxylic acid diaﬁﬁy¢£ide, 1,2,5,6-~
naphthalenetetracarboxylic acid dianhydfide;'2,3,6,7-
naphthalenetet:acarngylic acid dianhydride, 2,3,5,6-

pyridinetetracarboxylic acid dianhydride, 1,4,5,8-

" naphthalenetetracarboxylic acid dianhydride, 3,4,9,10-

20

25

perpylenetetracarboxylic acid dlanhydrlde, 4,4'~
sulfonyldiphthalic acid dianhydride, and the llke.
Among them, 3,3',4,4'-diphenyltetracarboxylic acid
dianhydride is more preferable frqm the viewpoint

of heat resistance of a cured product of the polYamide
acid-silicone intermediate. These tetracarboxylic
acid dianhydrides can be used alone or as a mixture
thereof.

In this invention, about'equimdlar amount of

y nole of the diam noam de conpound (a) and 0.1 to 50% by
thee ldkani nosi | oxane (b) based on the total amounts of the diam ne



the di ani*nosi | oxane (b) and the diamne (c). 10 In this [
|nvéﬁ1|on, an inert solvent can be used. The solvent is not always required\

to dissolve the abovenenti oned four kinds gé nononers (a) to (d), but.
preferabl e solvents are those which can @issolve the produced pol yam de

acid- 15 silicone internediate. Exanples of inert solvents are N nethyl-

pw ol‘i done, N IN diemnasarhexyiiciacid Mianhydgdde i HeadPer mole

N, N- di et hyl f or mam de, _di net hyl SU|fOXIde hexane hyI hos de, '
t et r amet hyl ene sul9frihe Xptal, pF Hhe |4<’eam %ﬂ@cﬁ rplfe used al one
or as a mxture th reof IGfse | nert.sql vent s can e usedlrat$$ r.eaction
(Tt

of the conponents ‘aﬁmtr&? oxane AndE 4% %r?po &t % the
_ i-ti f th f thi t
2 an noani de. corpEaRY fﬁﬂ&%"# Bt SR ATE ot e '(;'Qxﬁ”a' o
tetracarboxyl i ? acid di anhydgf $Jﬁ"fex(a@l M&s cusséscg fﬁi 30% WP mole
|

of
above-nenti oned i nert solvent as C|ent y as possible and stlrred whi | e

mai ntai ning the read i Gardirfd AR dY Spding ataplmd B aid 1569 by Giere nOre

preferably near room
of the diaminosiloxane (b) based on the total amounts

of the diamine component, i.e., the diaminocamide (a),
the diaminosiloxane (b) and the diamine (c).

10 | In this invention, an inert solvent can
be used. The solvent is not always required to
dissolve.the'abovementiOned four kinds of monomers
(a) to (4), out preferable solvents are those
which can dissolve the produced polyamide acid-

15 silicone lntermedlate. |

Examples of inert solvents are N-methyl-2-
pyrrolidone, N,N—dimethylacetamide, N,N~dimethyl-
formamide, N,N—diethylformamide, dimethyl sulfoxide,
hexamethylphosphofamide, tetramethylene sulfone,

20 and.the like. These so}vents can be used alone
or as a mixture thereof.

These inert solvents can be used in the
reaction of the components (a) to (d) or can be used
as tne-component (ii) in the composition of this

25 invention. |

In a preferred process of this invention,

a diaminoamide compound (a), a diaminosiloxane (b),

a diamine (c) and a tetracarboxylic acid dianhydride



_ enperature or |ower. Under such conditions, the reaction proceeds
- gidly with increasing the viscosity of the reaction systeﬁ1gradual|yiﬁf
pr pduce the pol yam de acid-si L ne i nternedi ate. The pol yam de. _ «
x¢id-silicone intermediate 10" u “in this invention has, for exanple, the

terrd 1697 a%%‘:#éégﬂ*'ﬁérfﬁt 19%3' %%%%&&%%ﬁ?.eéﬁ BRFE il s, A\ A and
ATt ar eeeéf@%l?engsn;&xf% 1g echauemeerbugdstipmane raw meteri al s

ment i one ove ent ~hydrocar bon group such as al kyl ene

preferaphyle ﬂa’%@&ﬂ;ﬁe éh&afaeetﬁéewgyse&en&sasraﬂbfny' ene subst i tuted

by (err| alk R 1s a nonoval ent hydrocar bon. group such as al kyl
prefera@tyamautn@oict@r51§ﬁébpnmafenpreaaﬁﬂuiy RE&BYLosmbstituted by (err]
alkyl; and Y is SOerr] or CO 10 The conposition of materials
for 50rmemgptatu:eectluewérln1Umdarssuchoodudiaionsnntyedevuce of ‘this
i nvention can be coated on a surface of a

reaction proceeds rapidly with increasing the

viscosity of the.reaction'system_gradually to
produce the pélYamide'acid?silicone intermediate.
| The polyamide acid-silicone_intermediate
10 used in this invention has, for example, the follow-
ing recurring structural units of the formulae (VI)

to (VIII):

N-C—ar'—2C-N

_ A;// Hoqc//’\\boou
N -

{(VI)
Y - NE,
H O o H
- | - i1 SR
Ar" = N-C — Ar' — C - N - (VII)
HOOC  COOH
R' R' H O o0 =
| i | t i
R ?i-o Si-R-N=~C — Ar' — C-N
Rl n R! /\
HOOC COOH

(VIII)



sem conductor el ement by a conventional process such as a di spenser

pragess, or the like, heat- 15 treated for renoving a sol vent dissolving
the pol yam de aci.d-silicone intermediate,

& osure to give a protective filmlayer of
pol yi nmi de- i soi ndol oqui nazol i nedi one- si|igcone copol yner . For exanple, the

structural 20 uhi tInfthecalerenmentianed FRERWAL i AE hAhHb| 33 Me

T e (ng: ™ e A %«}riﬁ%@fﬁ%:@m" s, A9l | RN HR "L
d
protective filmin a?;%r%clﬁ) uct |‘§%’I§€e‘("g%§ ‘f@%ﬁ%ypg% L%fdfi‘?éf?’gm an

thoriumas a total®

billion i.e.
ppb or | ess.
are 1 ppb or
causi ng soft
remar kabl y.

conposition of this invention is

than 0.2 ppb_

part

Thi s%?

Egllomed by dehydration and ring

&

18%%%%%%*#”%% bt ST AR ERREL RS hor um

| ess, hMrggl i gﬁd&rﬁt&a/ YA %@r PSSy 144, i pHdmerese Of a-rays

errors ra

fromthe protective fiTmis Tediced 10

When gmﬁmﬁe@wmﬁ_gamﬁ; URY apsl 4 hednewalént he
r

10

15

20

© than 1 ppb, nore preferably -nore
hydrocarbon group such as alkyl preferably having 1l

to 5 carbon atdms, phehyl, phenyl substituted by

c alkyl; and Y is so, or CO.

1-5
The compositioh of materials for forming
a protective film in a sémiconductof'mémory device
of this invention can be coated on a surface of a
semiconductor element by a conventional.process
such as a dispenser process, or the like, heaﬁ-
ﬁreated for removing a solvent dissolving the
polyamide acid-silicone intermediate, folloﬁed by
dehydration .and ring closure to give a protective
film layer of polyimide—isoindoloquinazolinedione¥
silicone copolymer. For example, the structural
unit of theffo;mula (VI) contained in the polyamide
acid-silicone intermediate is changed to the follow-

ing structural unit with heating:



. * 2
t total anounts of uranium and thorium can be reduced by purification of
the above-nentioned 15 nononers (a) to (d), or the solvent used. The
purification of the nononers (a) to (d) can be conducted by-a so-called
recrystallization process wherein a nononer is dissolved in a suitable
solvent with heating, the resulting solutionis 20 filtered, and the
filtrate is cooled to precipita tthe mononer. There is no partlcular |Inhig
to - 14 - 1 the conditions enployed. The purification of the solvent
can be conducted by distillation. The conmposition of this invention may
contain a coupling agent such as silane conmpounds, 5 e.g. am nosilane,
epoxysi |l ane, gtc. The fonposijion: §f this invention is coated on a .
sem conductoy elenment Ln the ftormaf a varnish, dehydrated and ring-cl osed
to forma protective,?l ot/ Iy| de- |30|ndolqu|nazo- 10

| i nedi one- S|I|cone o ﬁg% ness of the protective filmis
pref er abl ch nDre,c

referably 40 [err]mor nore in order to
show a pref rable\eéfegt for ghlel I ng a-rays. The packaging layer in a
sem conduct i

o

1 The composition of materials for forming

a protective film in a semiconductor device preférably
contains uranium and thoriumfés a_tdtal amount 1 ppb or less,
(ppb means parts per American billion i.é. parts per one

5 thousand million parts) more préferably 0.2 péb or less.
This is because when the total émounts §f uranium and
thorium are 1 Ppb or less, more preferably 0.2 ppb
‘or less, the.iﬁfluence of a-rays cadsiﬁg-soft |
errors radiated from the protective f£film is reduced

10 remarkably.' When the total amounts of uranium.
and thorium in the compqsition of this invention is
more than 1 ppb, more prefefably more than 0.2 ppb,
the total amounts of uranium and thorium can be
reduced by purification of the above-mentioned

15 monomers (a) to_(d), or the solvent used.

The purification of the monomers (a) to

(d) can be conducted by a so-called recrystallization
process wherein a monomer is dissolved in a suitable
solvent with heating, the resulting solution is

20 filtered, and the filtrate is cooled to precipitate

the monomer. There is no particular limit to



15 device having the protective film obtained by using the conposition of
t hi's—i nvention is constituted by a ceram c package, a metal package such #
a netallic can, etc., a resin package sughp@s_an epoxy resin mol d, etc. 2Q
Particularly preferable effects can be obtai ned when a seniconductor device

: . d b : e . ¢ s inu on f .

peos ective 111 A58 POR I20ea aBR1 oY Ak a ity UL CARIR, RErEPR ng gl ass
kagi 25 ' : t her,,. Al this i ti h

as packagi ng % ?ﬁgﬁxaﬁagpBebggndhggegpg@gﬁﬁﬁ%gg}g%l%gks i nventi on shows

nore effective fu en us I'n sem - menory el ements havi ng
a hi gher Ilevel - 15 -1 ' hg@’r iR i0F TR % nYehtYichS mayVor € '
concretely, the conpositionTg% F%L F%Véhtion IS nore effectiveyaﬁen used

in seniconduct or ERNRAY ntlacERUPI iRV agent @RWHEQ sOTs 110 Cjmpdunds ,MENDI Y
capacity) of 5 1 K-bit or nore in the case of a bipolar type and a degree

of integrationsof elg.Kalin®sd/l aifer,c epoxylsilanes @tca MOS type. This
i nvention is illustrated by way of the foll ow ng Exanples, in which al
percents are The composition of this invention is
| coated on a semicohductqr element in the form of a
varnish,.dehydrated and fing-closed to form a
protective film of'polyimide-isoindoloquinazo-

10 linediocne-silicone coﬁolymer. -The'thickness of the
protective film is preferably 30 um or more, more
preferably 40 um or ﬁore in order to show a preferable
effect for shielding a-rays.

The packaging layer in a semiconductor

15 device having the protective film obtained by using
the cgmpdsition of this invention is conﬁtituted by
a ceramic paékage, a metal package such as a
metallic can, etc., a resin.packagé sucﬁ as an epoxy
resin mold, etc.

20 Particularly preferable effects can be.
obtained when a semiconductor device is COnstituteé
by using the composition of this invention for
forming a protective £film, a ce:amic package as -
packaging layer and low-melting glass as packaging

25 adheisve.’

| Further, the composition of this invention

shows more effective function when used in semi-

conductor memory elements having a'higher level



YOy wei ght unl ess otherw se specified. Exanple 1 Using a three-necke
: $k equi pped with a thernonmeter, a stirrer, and a calciumchloride t
of 4, 4'-di am nodi phenyl gkper-S- 15 car bonam de obt & ned by

#5 0
recryst

par a- phenyl enedi am ne obtai ned by recrystallization usingﬁethyl
xane purified byt

sol vent
distill
phenyl t

‘and thegt

and

10

15

20

25

al lization using n-butand” as solvent, 9.51 g of

of Dimbegratiaon 3ik; BEBATHOPLEPHLES - { MPERETAYFALLE

al cohol

tion under 20 reduced pressure, and 29.42 o£,3,3',4,4'-bi-
g@?ai%ﬁ%%i&?+%“a%§dgﬁ+§n ﬁ??gé°ﬁu+?f?%ﬁeb?fg§? §¥8cetic anhydri de.
ted_ at t t [ 4 f thyl :2- lid :
bur 1 oo BHSY | FR b eRTEERRIESE Meddey e Rmpa BELRIRIAGPY L (0L TR o s
bt ai 4 4o sili . . v havi .
oot SLned fe ORI EnBeLecRob | SR edBEF RghSLEPOLEL 01 [V 10 3 Leniy
the sol yeRip{¢ 05 SRbFle SPh UEh@NcakfColr 8Mb YT 0 EPP&i HAgCONtents were

nmeasured by radi ation anal ysis. The uranium content was | ess than 0.02 ppb

the case of a MOS type.
This invention is illustrated by way of
the foilowing Examples, in which all percents are

by weight unless otherwise specified.

Example 1

' -Using a three-necked flask equipped with
a thermometer, a stirrer and a calcium chloride
tube, 2.43 g of 4,4'-diaminodiphenyl ether-3-
carbonamide obtained by recrystallization using
n-butanol as solvent, 9.51 g of para—phénylenediamine
obtained by rec:ystallization using ethyl alcohol
as solvent, 0.50 g of '1,3-bis(aminopropyl)~
tetramethyldisiloxane purifiéd by_distillatioﬁ under
reduced pressure, and 29.42 g of 3,3',4,4"'-bi-
phenyltetracarboxylic acid dianhydride pur;fied by
using acetic anhydride were reacted at room |
temperature in 240 g of N-methyléz-pyrrolidone
purified by distillation under reduced pressure.
As a result, there was obtained a polyamide acid-
silicone intermediate solution having a resin

content of 14.5% and_é viscoéity of 125 poises.

%

hod

&

as~

degreen 6ONiLLégH@Eién OE£SEE L RaPifs 06xr PRbret igse val ues of 0.02 ppb



d on a surface of MOS type RAM having a degree of integration of 16
K-bits,and heat-treated at 100[err]C for 2 hours, 10 200[err]C for 1 hour
_and 350[err]C for 1 hour to forma protecgtige f|In1Iayer of
pol yi m de-i soi ndol oqui nazol i ne- di one- S|I|cone copol yner having a thickness

PStkaged by uel hy BESRPEPHETLAY. haCsOaRhE | Rfad Fhia TAOTHELSE, SLSTR0 O
packaging adnel svecal BPaYLuASGhS" thor1THocSRtnER! Rhxd ShEaBlrkc (ool L1 N0

sem conduct or devi Ce was t neans a unit s owm ng that. an error
takes place per 10£§rfad¥9tﬂéﬂr§nﬂffsﬂge etREeAtanitl ébRtehBewaland, a
naked sem conductor” nenory el enent nhot packaged by a ceram c package was

al lowed to stand i Dewst ehanapod2hpgpbedndt tA@0ERoriGnusdrtent pwassure of 2.2
at nospheres for 20 hours. 25 Then the thus treated el enent was subjected to
a peeling-off tBstlesanghan Qd08sppk, CehesehuaduespefbliORoppkeandg of the
protective filmlayer fromthe sem conductor nmenory el ement was observed.
"CELLOPHANE' is a 9e@fspebcbeingdderesking limits, respectively.

6.05 ppb heing detecting limts, respectively. Then, the solution was <E§EE>

Then, the solution was coated on a surface
of MOS type RAM having a degree of Lntegratlon of
16 K-bits and heat-treated at_100°c for 2 hours,
10 200°C for 1 hour and 350°C for 1 hour to form a
| protective £ilm layer of polYimide-isbindoloquinazoline-
dione-silicone copolymer having a.thickness of
about 40 um. Subsequently, the resulting semi-
conductor element was.packagec by using a ceramic .
15 package contalning 1ow—melt1ng glass as packaging
adhezsve at about 450°cC. T
" The soft error rate of the resultlng
semiconductor device was 30 fits (1 fit means a
unit showing that an error takes place per 109
20 hours per one element). _ . |
On the other hanc, a.naked semiconductor
- memory element not packaged by a ceramic package was
allowed to stand in water vapor heated at 120°C
under a preesure of 2;2 atmospheree for 2dqhoﬁrs.
25 Then the thus treated element was subjected to a
peeling-off teet nsing an.adhesive Cellopnanértype
but no peeling of the protective film layer from

the semiconductor menory element was ocbserved.

* "CELLOPHANE" is a registered Trade Mark.



' 5
47)- This showed that high adhesive properties were nalntalned after s\;b
\ Bexere heatlng I n water vapor. Conparative Exanple 1 5

4, 4' - Di ami nodi phenyl ether in-ald7amount of 10.0 g and 10.9 g of - e
pyronellitic dianhydrlde both being purified by the same nethod as

| desc?kgﬁﬂé pyrro % 1+ WSK ﬁ_agﬁggq%gabgggg Lempe/glure in 118.4 g of -

done pun atlon to give a polyamde e
aci d Sow&healhaw Bgtdr' %&bﬂ savlea! neheihg/ fnaRdaryi scosity of 135
poi ses. On the sanme sem conductor nenory el'ement as used in Exanple 1, a
coupl i ngapgent |ayer having 15 a thickness of about 200 A was forned by
coating a toluene solution containing 1% of ethyl acet oacetate al um num
di i sopropyl ate and heating at 350[err]C for 1 hour. Then, the
above- nenti oned pol yam de acid sol ution was coated on t he coupl i ng agent
| ayer, QompazativeaEsdmpdecd t he sane conditions as used in Exanple 1 to
forma protective filmlayer of polyimde having a thickness of 45 [err]m
Pack&gi ng was conﬁuéte&lﬁﬂlpﬁél§EﬁBY4aﬁﬁéﬁraéndé@cﬁN@@@h @fExample 1. 25

The soft error rate_of the resultlng ceram,c ggcka%gd sem conduct or device
was 2501Pi#Psg and 10.9 g of pyromel 1t1c dian ydrl

both being purified by.the same method as described
in Example 1, were reacted at room téﬁperature in
118.4 g of N-methyl-z-pyfroiiddne purified by

10 distillation to give a'polyémi&e'acid solution
having a resin content of 14.7% and a viscdsity of
135 poises. |

On the saﬁe'semiconductor memofy element
as used in Example 1, a coupling ;genﬁ iéyer having

15 a thickness of about 200 A was formed b& éoatiné a
toluene solution containing 1% of ethylacetoaéetate
aluminum diisopropylate and heating at 350°C for
1 hour. Then, the above-mentioned polyamide acid
solution was coated on the coupling agent layer,

20 heat-treated under the same conditiohs as used in
Example 1 to form a protective £ilm layer of
polyimide having a thickneés of 45 um.

Packaging was cdhducted in the same
manner as described in Example 1.

25 The soft error rate of the resulting
ceramic packaged semiconductor device was 250 fits.

The uranium content in the“coupling agent layer



The uranium content in the coupling agent |ayer -18- 1 was 0.3 ppb aqgug
that - of the polyimde filmwas |Iess than 0.02 ppb. On the other hand, en
a polyimde filmwas formed on a sem condug o nenory el enment 5 w thout
form ng a coupling agent layer in the manner sinmilar to that described

above and allowed to stand _in Lo.\va 12080 der a
ressure of 2. at%%gggq (#%1%}%’&} %‘}E r%%gé%%yﬁ‘l&&?ef iﬁnlidwgvsé%eel ed off
fromthe sem condmc%’t\?%r %rg)roxolzog(ﬂbqnent by the peeling-off test nentioned

1

above. -19- CL conposition of materials for formng a

protective filmin a sem corplaiy AN hatd CRH iy inide a
pol yam de acid-silicone interned ate obtained-by reacting (a) a
di am noani de conp@inch ¥ad ForEddm a [sEniconductor memory element
5 without forming a coupling agent layer in the manner
similar to that described above and allo#ed to
stand in water vapor heated at 120°C under a
‘pressure of 2.2'atmospheres for 1 hour, the polyimidé

film was peeled off from the semiconductor memory

10 element by the peeling-off test mentioned above.
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I'c residue; Y is SOerr] or CO ,and one of the N no-

0 oups and ] group are positioned at ortho position each ot
& L‘m @ ﬁl a! oxane, and (c) - a diamne, and (d) " :an aromatlc*-
et rac |anhydr|de}§x» and (d) being used in each equi nol ar-

anounts, and (||) - a sol vent A conposition according to O aim
1, mherein the conposition has_a_total anmount of uranium and thorium1 pﬁb’
or less. 3. A conpositisﬁégﬂﬁordlng to Claim1, wherein the

conposi tion has a total ampunt of uranium and thorjum0.2 ppb or |ess by
using putti-fied confofOMPsibian, ofyfmade Mllsf o ESorpdng - 20 - 4.

A conposition. ac rd| to any one of recedi,ng clai ns, wherein the
di ami nos® BXRFES Bﬂégb ré%%ﬁ%ﬁ% inRis a

di val ent g*ggggggbon group; R is a nnnovalent,hydrocarbon group each R or
R may € sane or different; and nis an integer of 1 or nore.

a polyamide acid-silicone intermediate

obtained by reacting

(a) a dzam;noamlde compound of the formula:

B
H,N --Ar\ .
Y - NH,

2

wherein Ar is an aromatic residué; Y is SO2 or CO,
and one of the amino groups and the Y-NH, group are

positioned at ortﬁo position each other, and

(b) a diaminosiloxane, and
(c) a diamine, and
(a) an aromatic tetracarboxylic acid dianhydride,

- (¢) and (d) being used in each equimolar amounts, and
(11) a solvent.
2. A composition according to Cléim 1,
wherein the composition has a total amount of uranium
and thorium 1 ppb or less.
3. A composition according to Claim 1,
wherein the coﬁposition has a total amount of
uranium and thorium 0.2 ppb or less by using purified

components (a) to (d) or purified solvent.



L}

5. +« A conposition according to claim4, wherein the dlan1 Ll oxane <::::

i s\Ls 3- bi's- (ami nppropyl ) -tetranet hyl - disil oxane. S|t|on
accordl ng to any .one of the preceding clains, V\herg\“\“\m‘““
conpound is 4,4'-diam nodi phenyl et her-3- carbonam

conposi tion accord| ng to any one of the pr%cedl ng cl ai ns, V\,herel n the
diamne is 4,4 -diam no- di phenyl ether, 3 dlan1nod|phenylnethane a

M=%t ure thereof. 8. fig@D Y oRBEoPf

precedi ng cl ai ns, é’v\her ein the agorra’t | cglt e?’r%a%g?rib% [ gc?ggdl gnﬁﬁ%rl de is
3,3 ,4,4"-di phen)ﬁfé‘éé R)lnies, Wéi'eq.ha'%hédﬁh.gﬁa.nosz.loxane is

4,4 - benzophenonetetracar oxylic ‘aci d di anhydride, pyromellitic acid

di anhydri de, or areprdssmtdddnecdthe formtla:9. * A conposition |
according to claim1l substantially as herei nbefore described with reference
to the Exanple. 10. A semémnuhmtorﬁpevice having a protective film
of polyi m de-isoi.ndol oqui nazol qedlone si lji cone copol yner obtalned froma
conposi tion accordl nq:;tn) AR—fneg ot cedrng ghal ns.

é' n é'
wherein R is a divalent hydrocarbon group: R' is
a monovalent hydroca:bon group; each R or R' may
be the same or differeﬁt: and n is an integer of
1l or more. |
5; A compositioh according to claim 4, wherein
the diaminosiloxane is 1, 3-bis-(aminopropyl)-tetramethyl-
disiloxane. |
6. .. A cqmpbéitionﬂaccording to any one of the
preceding claimg,.wheréin the diaminoamide compound is
4,4'-diaminodiphenyl ether-3-cafbonamide. |
7. | A composition according to any one of the
preceding claims, wherein the diamine is 4,4'~diamino-
diphenyl ether, 4,4'-diaminodiphenylmethane, or a mixture
thereof. | '
8. A composition according to any one of the
preceding cléims, wherein the aromatic tetracarboxylic
acid dianhydride is 3,3;.4.4'-diphenyltétracarboxylic acid
dianhydride,.4,4'-benzophenonetetracarboxylic acid
dianhydride, pyroméllitic acid dianhydride, or a mixture

thereof.



\ A device according to claim10, wherein the protective filmis
med o eni conduct or menmory el enent hdvi ng- a degree of~
egr at nmmn[M|mHﬂﬂ“mfnore ' A device according to.claim10, &

wherein the protectivé ftimis forned on a MOS type sem conductor nenory

el ement having a degree of integration -of 16 K-bits or nore. 13. A
devi ce according to any one of clains 10 to 12 having a package | ayer of

ceramic and a |ownelting gl as§ 2] Packagi ng adhesive. 14. A devi ce

accordi to claim10- subs anti al | s he ei nbeforge descri bed
referenc® to the E;on ace r ing o P f s&gséantla

as hereinbefore descr;bed with reference to the

/\’

Example.

10. A semiconductor device having a protective £ilm

of polyimide-isoindoloquinazolinedione—silicone copolymer
obtained from a ccmpbsitionﬁaccording to any one of the
preceding clalms. | |

11. ‘A device according to claim 10, whereln the
protective film is formed on a bipolar type semiconductgr
memory element having a degree of integratioﬁ of 1 K-bit

or more. |

12. A device accordlng to claim 10, whereln the
protective film is formed on a MOS type sem;conductor memory
element having ajdegree of integratidn 6f 16 K-bits or more. -
13. A device according té'any one of claims 10 to 12
having a package layer of ceramic'and a low-melting glass
as.packaging adhesive. |

14. A device according to claim 10 Substantially as

hereinbefore described with reference to the

Example.




