conp05|t|on FOR PROTECTI VE COATI NG MATERI AL This inventiion relates )
a conp05|t|on for protectlve coating material, preferably égippggggve

5 " coating material for-. sem - conduct or haang a high-d
integration. Mre partlcularly, this inventji relates to a conposition
far -coating material of a sem .conductor. whi ..constituted of

princi pal elenments of a sem conduct or nennry . el enent, an 10

encapsul ating layer coR@¥PBSRHLOUNFORNPREGREIEVENGDATING MBTERIAL
encép%ulating the el ement. and a | ayer of a protective coating materi al

arranged between the nenDry el ement and the encapsul ating | ayer. Wen an
[err]-ray enters all&éni cHMUEBEHPT ndWOBEeS  EPendht RAUPAGI AR gHfoT

degree of integr arbdRctiineer Lol iefg | rﬁﬁaﬁwon p9e>=ilarabh forpc?m&ém ve
cause so cal l_ed sof erro recently.

[err]-rays afe FRdi éf‘gd mﬁ&&rﬁ’&ﬁamfﬁ’rﬁ tthori% é‘[ *"mr shaFVﬂr’V-’naray dbtfte

cont ai ned in dagreei noofaniiantegnatiiem. cont dtored Zﬁartmtalaeﬂgmtztkmﬁ
or a thermoset (| ng LeaiifeNCAPMLA R0 o NEoupSLEIERL  for cogfGRY G MaT
uce he T

vari ous attenpts have been - fade Coent's S )
urani um thoriumey 2 pagniceaduohor cﬁhw!heses canséitufted of prnampd

it 05 atechnicahlyedes! i cyk! pfobl QElgHAAD 0! mifbrgS  PEfesel Vet

On the othg hand oft, errors can be . prevented by’ consideration of
the circuit d8si HCGPS& &&iinGondddesr Fendpining an  irorganic material

for encapsulating the element and a layer of a protective
coating material .arranged between the memory element
and the encapsulating layer.
When an <-ray enters a semiconductor memory
15 element having a~high degree of integration, inversion
of information 0—->1, 1—;—90 occurs to cause so called
soft errors, as is recently c]ar1r1ed. ~ Such X-rays
are radiated from-uran1um, thor1um, etc., as a primary
source contained in an dinorganic filler contained
20 in a ceramic case or a thermosetting resin edcapsulating
the element. Accordingly, various attempts  have
been made to reduce the <contents of uranium, thorium
by purification of these materials. But, it is
a technically difficult problem which has not yet
25 been solved. _ '
\_ _ On the other hand,“ soft errors can be prevented

by consideration of the circuit'design of a semiconductor
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element,, but. the chip area may di sadvantageou-sTy be increased
and it tra.s not put to practical application except for special exanples.
In this regard, as- is welbt known, organic materials 5 are general ly
lower in contents of. uranium thorium ~-e2c-, which. are sources of
[err]-ray then inorganic materials and, even if they may be

cont ai ned, the commans, o‘bu‘turaﬁrﬁmm chiporiamga emay, dhyedvrntaetonesty
Wi rel ative t [ éﬁﬁq

cons f t uent rratbeerG| s emJOLHJ} f?ltﬁonnw%%-%}?%?t% %%at I 'on, ication
reprecipitation E"d’r‘i‘Pt N‘Eﬁ"er-‘"fpé%"a &%amp¥RF ¢ her, organic materials have

the action of absor bi r'mh[ﬂﬁs} Fayard, thu%, wet'lherl&xdlﬂve omﬂmca{ra@émiﬂs |

to .prevent ft _errors nt s on nic, 15
ayer Cbetvedh HE | BREESANAI NGwerayll” SHIESTHA. Senir 2R bHRac, ghor U,
el ement thereby ettw., absbibh [aeler] -seyrces n ofhe Brgaiyi ¢ thegner amargarchc
an attenpt is no : actd atyj on -
Sem conduct or ngﬁn%'y'l%ene are eérql{:agtsul gtlthedfvﬂ‘ffa %ée)ra%)nct%1rnent heffhm)-

20 setting resﬁrﬂﬂﬁembsordler ty dridiite  Hianidiny &%sist dde, e reduced

encapsulating LEAREr akHT et 1vEe'@%se359 t%dﬁﬁ%ﬂcdﬁﬁoﬁaSSpeQEt1bh§ of
f or mer, resin cure he t|n at agbout 000C 'in

i
case of éeo I a{"tq\eer %%‘?E?B‘r’%"t BF ghigls malbé’rl aldd stildatiofysor fi§on

of 25 [err]-raycny.ssda'lhanwtxdm,ract»epretnpstathh cfan matktriailent! yetc.
stand  1hese é‘ig&‘ﬁ%c m %Q?%%‘E“rhea%/e tﬁ‘@dact%nor&ar‘éb sorbing

materials for this purpo’se e type-resins
Polyim de type SdWifts are Tdmfe.raltlhﬁr\ﬁerilarﬁ@orb?ﬁ“adﬁ‘é%?%hﬁo ’i-)%issnmi{wan

30 \{ylms usedgofith erﬁQfPsCOWJCteqrenen'f%mB_Y/ f8FRERIbA oBUCIn aSorddnic
silicon OXId‘% qr silicon nitrid I n rder .
ayer between the encapsu'latmg layer and the semi-

conductor element thereby to absorb x-rays in the

organic Tlayer and such an attempt is now at the

stage of practical app]'icatiori. Semiconductor memory

- elements are encapsulated with a ceramic or a thermo-

20 setting resin in order td ensure h_umidity resistance,

the encapsu1ating' temperature being 350 to 450°C

in case of the former, while the resin "is cured -

by heat1ng at about 200°C in case of the 1latter.

Therefore, organic materials for absorption of

25 «-ray must hgve chéracteristics which can sufficiently

"o stand these heat treatment températures, and as
organic materials for this purpose, polyimide type
resins are- primarily used. Polyimide type resins

are generally very . poor 1in adhesion to passivation

30 films used 1in semiconductor memofy elements such
as of silicon oxide or silicon nitride. ~ In order

to ensure adhesiveness, it s indispensable to use

d coupling agent such as a silane type or an organic
chelate of a metal. If such polyimide type resins

35 in general are employed, the provision of a layer
of a coupling agent is indispensable, which makes

the oprocess cdmplicated. Mdreover, by wuse of an
organic chelate of a metal as a coupling agent,

)¢



to enswre adhesiveness, it is indispensable to use a coupling agent
such-as a sil ane type or an organic chelate. of a netal. If such '
polyinide type resins 35 in .general are ,enployed, the provision of
a layer of a coupling 'agent' S indispen%able whi ch makes the

process .COMPl i offeds very MREPRUETE 1BV rditfye Ooc-RByOLBRILEs WIFlElfresf

a netal as a _coupl very di
[eri] ray source%“coﬁﬂalhéﬁfﬂﬁn1§n mﬁﬁ@ranﬂe ﬁéteﬂ%ﬂf1°W§§ rﬁﬂﬁ%&xuﬁthus

abové, thus gi vgmm gdangehge®f oFddeBainfUr fhether [ertd=ray sscﬁu&r@@ss.

A -silane type goup agenf has a_. _deconpositio erature
300 to [err] ang é r et ¥pe E&PP&P"§taE% Ethe R@ﬁcaﬁsul 99ﬂf°51“10“

t enperature 5of tempeesdore. &8 3PP ecto of330FC pamtenthieneorbonits danmnot

oo bordact oy TRosHERA | el pégég ¥¥§5us%t|§' FES t“‘rfi)alactog acnrﬁﬂxﬁt

sem conduct or device which does OReoUS uati on
cerror) by incidenceAnofebiagl] Ofayfshe f pmmssottsrdevmhm dem tondurstvoirde

devi ce. Another 5 Oti:lﬁﬁ:ﬁorr‘@ifun thgr HePeiitivd NVeRbitaRg imatrialProvsde

a conposition for ective coatlng mat eri al of © a sem conduct or
device which &xhigFt CEIT eldeyiice RE8 VS s oY (Caupg s SrANERYS
films - and T@s aufﬁh;c:'ﬁ---ent lheaftr esrpbacebyo shandehbe hept Weaiyentfrom

procese for the PYGaLRE B SREaSEBiFbbANGLPe: “BUTRE constituted 20 of
“pri nci pal el ements Anothera obgedétondufct othe nepoeyent  invention  is
' ' to provide a composition for protective coating
material of a semiconductor device which -exhibits

- 15 . excellent adhesiveness to passivation films and
has sufficient heat resistance to stand the heat
treatment temperature at the time of encapsulation.

The present 1invention provides a process for

the production of a semiconductor device constituted

20 of principal elements - of ~ a semiconductor memory
element, an encapsulating Tayer containing an inorganic
material encapéu]afing' said element, and a layer

of . a cured protective <coating material arranged
between said memory element and said encapsulating

25 Tlayer, which comprisés applying, as the protective
o coating material, a composition composed .of poTyamide
N\, acid comprising 0.1 to 20 mole % of reéurring units
represented by the formula (1), and 80 to 99.9 mole

% of recurring units represented by ‘the formula

30 (2), obtained by the reaction of a diaminosiloxane,

an organic diamine containing no silicon, and an

1 .,

j

organic tetrabasic acid dianhydride,
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el ement,» an encapsul ating layer containing an inorganic material

encapsul ating sai-d el ement,  and a layer of a cured protective
coatwng material arranged between said nenory elenment and said

encapsul ating 25 |ayer, which:- conprises <agblying, as the protective
coating material, a conposition conposed -of polyamde acid conprising

0.1 -to 20 nmole %of . recurring units represented_y the formula (1),
and 80 to 99.9 nole % of recudring uBits repr esfent ed by the
formula 30 (2), obtain by ,ﬂhe reaciiion of a idiamnosiloxane, an
organic dianine contai siliﬁywﬁ Yio—Rn' ic tetrabab? acid
di anhydri de, 35 -4- 014 €rein R is Ja divalent
hydr ocar byl .group; [err] vale'"ht~ lrocarbyl group; R' is a
tetraval ent ofganic’ gro Hg? rr] a-dfval ent ocganic group which 10
is a residue _.of an organi c dlanlne containing no silicon; and n is
an integer of 1 or prgsent.ci nventi I pr pe-TY .
sem conductor devi ce ellIQﬁ cgﬁstﬁ?ut ed ﬁ&ﬁﬁﬁnm ggkdﬁéﬁgngl Py
seni conduct or d%nﬁ?? a @ﬂ%ﬂ%ﬂﬂe"t hydro@chpt ugae iy RS T$a@e¢£€6ﬁ¥é?ﬁ?ﬁg
an 1 norgani c mat eéfga&n'f@r gHRARSURAt i ngs sal daiebeenst oﬁ@@'m@ g'rlo%)ﬁerwnpéh
a protectlve atlng mat er.i,al grran ged bet meen

n

el ement  and gal cEPSHAYRI ngT 1AW er®TIELLS ¢ TtWEH%ct?W% ‘Xb%ﬂlnbo
bei ng (;orrposed sibfcongp angoh yisn sle- sntegoneof Ttopol yoree.

The present invention also provides a semiconductor

: ' device being <constituted of principal elements .of
- a semiconducfor memory element, an encapsulating
15 1layer containing an fnorganic material for encapsulating

said element and a layer of a protective coating

material arranged between said memory element and

said encapsulating Tlayer, said- protective coating

being composed of a polyimide-silicone <copolymer

20 comprising 0.1 to 20 mole % of the recurring unit
represented by formula (3) and 80 to 99.9 mole %

of the recurring unit represented by formula (4),

prans p—

0 - 0
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35 wherein R is  a divalent hydrocarbyl group;

R' is a monovalent hydrocarbyl group; R" is a tetravalent
orgénic group; R"' -is a divalent organic group which
is a vresidue of an organic diamine containing no
silicon; and n is an integer of 1 or more.



by formula (3) and 80 to 99.9 nmole %of the recurring unit
represented by formula *(4), 25 _ - 4A - (3) 30 35

wher ei-n R is a . divalent hydr ocar byl group; [err] is a

nonoval ent hydrocar byirhgr prgseRt iaventdonafairéheropganiceg auponRosition
di val ent organlc roup. mhl r£si_due ni i, a e e
confaining no sPFFFEBATEn g#lfgagw fﬁtgggrs_ Stéﬂk1£¥gﬁ a8 ﬁ%rﬂﬂﬂy%fore
presént inventi ogesurtihed pmitidesefomnmssi tton a&xoréfngﬁwymahﬁ%ni?aﬁ@
substantially as<herei nbefore desribed wth -reference to any of

Exanples | to 5° The group R may preferab]  an _al ky| ene grou
‘havi-ng 1 to55 car bonTHBongTP¥Pg.R ﬁ@yhypgﬁger59%y|gﬁé amprbﬁgygﬁgg #Eun

butyl ene), a phefmwﬁg or QB eﬁkukrsubsta&heﬂ p@mryj,enaaghymann(,e sthylene,

thyl - substi - tut ed |3 12 al
oroup havi ng 10PF 80T EReY SEEAGHar grbnepd e o B kv PRy AT

butyl), or a pheppkengieunp.. gfleep grieugs.. RE§hydr-m§§$Tﬁm¢—ﬁ|1 Fhemoane ) ,
formula (1) may m?”?ge %arre n?afo)f d'ﬁ;@f@ﬁébipebe eX@MPla8 i y10f ghr%u gt ng

for preparation conpri si.ng recurring

units represéfted B¢ tBRe &@6@@"fom#ﬁﬂ§ ( Le -8nd tW@tmdeurHQﬁfﬁhwts?ﬁﬁp%Wﬁa
above fornula (2}yig19eser RegrisnyiaRdege Patent Publication

The groups . R's or R"s in. the -above formula

20 congrising 0.1 to 20 nole % of the recurring unit represented (:i

(1) may be the same or different.
One example of a method for preparation of
15 a polyamide acid comprising the recurring units
represented by the above formula (1) and the recurring
units of the above formula (2) is described in Japanese
Patent Publication.

20

25



20 2% No: 27439/1968. That is, an organic dimne containing no silic nI

- .a di ani nosi | oxane and an organitc tetraba5|c aci dianhydride are all owed %o

react in a solvent to forma polyanmide acid. This is then heated at a te
5 perature of [err] to 350C or highes +0 effect de- hydrating ring
cl osure to give a pol yi m de- si | i cone copol yner cnprising the recurring

units of the fornul as % and shown below. wherein R R, R', R" and n
aLe the sane H¢- 1@7439/1 68ef | ab%weaﬂI¢F§$R#$NQ§ﬁﬂﬁn$rmqgm¢@ﬁﬁxihe
recurring uni kg rs,gm&eaﬁnt sduh&n&hssﬁ’e@y&xé & ( e ik Ag dange of
from0.1 to 20 ferably O to 10 rmle%a 1erecurr|ng units
represént ed bfF<H Uﬁeg'F £2) ‘I’%ﬁxg“é"ﬁ@: qr%%@? 9 nol e%

pref erably 90fbemoq. ﬁoﬂrphn%:eaad:.dheymﬁasl be coen riddtesl it - rtaa-i d ranges
by reacti Ry a &ggh?g_sbkoigge,én‘f&hgséa;@ tha%toég q?&froe%'gfb e% and an

organic dPam Re con no silTcon |nt er 99.9
mole% 20  ABYErghhng m-a'm abasernt 8P rIHE mlyzé@rﬁw cra:?;@d as

nonomer i ¢ con&%aﬂ Ep I:Bﬁpﬂiﬁiﬁ@t%Vﬁé@&ﬁﬁ - NE B dTRYE-Rard i raiAds fOr
exanpl e, 4,4 g aogésahegxw_gt 4, 4 di am nodi phenyl net hane, 4,4 '

- di am nodi phe
@ 0
R!
N /&\ ]

—-N// RY //N- él-Ou ?l-R—

(3)

-_--N\ /R“\ )—R‘“—- - (4)

. oy - . el

wherein R, R', R”, R™ and n are the same as
10 . defined above. .

: ; . In the present invention, the recurring units represented

by the above formula (1) are in the range of from 0.1 to
20 mole%, preferably 0.2 to 10 mole% and the recurrlng
units represented by the formula (2) in the range of -

" 15 from 80 to 99.9 mole%, preferably 90 to 99.8 mole%, and
they can be controlled within said ranges by reacting a
diaminosiloxane in the range of from 0.1 to 20 molet% and
an organic diamine containing no silicon in the range of
from 80 to 99.9 moles. '

20 As organic diamines containing no silicon to be used
as monomeric compounds in the present invention, there
may be included, for example, 4,4'-diaminodiphenylether,



4,4" -di am ndi phenysul fi de, benzidi ne, m phenyl ene- di am ne, :

p- phenyl enedi am ne , 1, 5-napht hal enedi am ne, Z. '6-napht hal enedi am ne, etc
Thesé conpounds may be 5° used elther as a single. species or as a

m xture of two or nore species. As tnhe 6dt-ami nosi | oxane, there may he used a
coenpound represerrted by the fornula wherein R R and n are the sanme as
defined 10 ,_ahove. Ear exa t he followﬁn . cogpounds. na .
i ngluded: A4y BReusdeaas aag%ﬂaggpﬁﬁﬁ%%agiﬁﬁmas a -
m xt ure of tvwiaﬂ‘ﬂmuaanmpéunhsnvIBa.ﬁngem|benennahaslm-nhenﬁ.dneﬁhydr|des

may include, fRr-8%a |§gg¥g£ 4
benzophenonetetracarboXyrlg%gqggg I an gég cyC o-gggﬁtgng?%?récarboxyl|c
aci d di anhydr ikdé—nEpirtiadenggd ﬁ%&f—’—ené#ét—ra@é?ﬁéxmoﬁéﬁﬂ BEANRSdr i de,

2,3, 6, 7- maphihaleegtabragar B.Oélhﬁ GeaghdcikanBydekdg, m2xBube bof! two.
pyrldlnetetracarbox lic acid dianhydride, 1,4,5,8-

napht hal enet effa 35?%5§FFFEE§C|d di anhydri de. 3, 4,9, 10-
perylenetetracarboxylic acid dlanhydrlde or 4,4'- sulfonyldiphthalic acid

di anhydri de, 5%% AR~ F A0S 1 RBY R ggFehgﬁeB.aas@ds ngéﬁ% |es or a

conbi nation 15 two or nore speéles e preparation
pol yam ne aci Feprsverredabyyv&bgofemBriaconpounds, there is enployed an
inert solvent. As a solvent particularly preferred, there may be used

R' R*
}
HZN—R ~+Si—0 éi—R——NHZ
\ |
\/ . &l -R‘
' n

wherein R, R' and n are ﬁhe same as defined
10 above.

For example, the following compounds may be included:

H H

SR

H,N— (CH,) 3—151—-0--?—-(@12) ,—NH,
CH, CH,
— E.I.N H ?‘?3 §H3 CH H
QN (CHy) (—F1—0—§i—(CH,) ,—NH,
. CH, - CH,
i Tefls
H,N— (CH,) i—0—Si— (CH,) ;—NH,
Cels 655
3 _H3.
CH H,
é > o z '
H,N— ‘1— "—'ll —NH,
CH CH |
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one Wit ch can di ssolve a polyanide acid fornmed. For 20 exanple, there ma
"be one kind or two or nor e ki nds "of N-nethyl -2-pyrrolidone,

N, N- di met hyl acet anmi de, N,N- dlnethylfornan1de N, N—dlethylfornanlde

di mret hyl sul f oxi de, hexanet hyl phosphor ar;l tetramet hyl ene- sul fone, etc.

25  Thus, the conposition according o ‘thi s-i.nvention may ordinarily

contain a solvent which was enpl oyed for preparing the polyanlde acid from

t herabove- ment i nonerif q§f#5 ggly geid
may be perforrre y 30 ~ dissolvrng ast orou%h y as poss ??e orgam C

di am ne cont ai MRS 97 | oth on moms SEesdsisl-oxane and the organic
tetrabasic acid dianhydride in the aforesaid -8- inert solvent, and

then stirrin the reaction st.em iJ mai_nt.ai ni n .the system
g A tero?%—mﬂem €. y

desirably at —HbdTEFET] 24 gismhviriges may,
tenper ature or fdovwet=mpls, gﬁmmmﬂnhz:mpemaﬁlﬁﬁﬁzhyﬁhﬁnereagBFon 4¢an- 5

proceed rap i dl ys; ng¥?+4y;ynguﬁ%§5nQ;a 3 By aYbs y sthe,,reaction
or system untT it pol yam de_aci s or e T%éa é%frf‘)osmlon
contai ning th&erFEEIEIsEracEEdxyidc erdd WM%anczaéo*used as

such as a CcorpastdddbetDiarHixUae iava g ee«ahhg}mlaat enial 5,50 preparing a

pol yam de acid Fr aforesald no Qnerle (of0) unds,. 1IN order to
obtain t-he (hﬁﬁéh SFERTOeEY e acdd. gg€¥ﬁéadero t3¢8+ 73N

organic tetr abasa@tlmlarcét&haﬁqnﬁm@eld ac.la‘ndlaﬁnyﬁt-ldequz mel, B} 6~
10 pyridinetetracarboxylic acid dianhydride, 1,4,5,8-
L/ naphthalenetetracarboxylic acid dianhydride, 3,4,9,10-

perylenetetracarboxylic acid dianhydride or 4,4'-

sulfonyldiphthalic acid dianhydride, and so on. These

may be used either as a single species or a combination
15 of two or more species.

In the preparation of the polyamine acid from the above
monomeric compounds, there is employed an inert solvent.
As a solvent particularly preferred, there mey.be used
one which can dissolve a polyamide acid formed. For

20 example, there may be one kind or two or more kinds of
N-methyl-2-pyrrolidone, N,N-dimethylacetamide, N,N-
dimethylformamide, N,N-diethylformamide, dimethyl
sulfoxide, hexamethylphosphoramide, tetramethylene-
sulfone, etc.

25  Thus, the composition according to this-invention may
ordinarily contain a solvent which was employed for
preparing the polyamide acid from the above-mentioned
monomeric compounds. '

Synthesis of the polyamide acid may be performed by

30 dissolving as thoroughly as possible the organic diamine
containing no silicon, the diaminosiloxane and the
Qrganic tetrabasic acid dianhydride in the aforesaid



and .a -di am nosi | oxane. The, conposition for protective coating nateri al

' ' i i t8 tion contains 0.2 ppb or
onduct or - devi ce according to the present®inhven _ :
Isg;nscof' ur ani um a4 hogd R pas dhe *th%t al stfontent. . 'I;h|‘s .1.! s ,bec?yse
the 20 ' influence of - [erﬂg-rays_. r adiated>tf FEISt Hehe préascdiione syattieny
matépi al on the'@b‘f & er MG TGA NG| eitbet | systemcedtesFadlyy aft t hiafoyt
er.

ooy | oanCpy 0% COBF e ciferd AR AN 1007 LUTLRRT Sodg o etRatkra

b or less by purification of t X | & monor > n _ "8
ol vent. Pur;figﬁiio C¥EBt - nobneRHEN Q@#ﬁ@ﬁnﬁ$5,-nﬁyhéiﬁﬁ?ﬁgﬂggﬁgﬁga?e
accordi ng t @& t h@rosesed | ey dT y st ﬂﬁ.th.zarglr.g_&ugqt qgﬁc\.fe%]%esl_:e suibrf ecY'Eﬁc?%T{'y _

- * o : ' ' i am ining 15- no silicon ,
to, the total amount of an organic diamne containing ' a<§;§

re diggsol ygd by heating in a suitable solve | €C "
FPTT P on 50 “%e” YA, B BrBeshl Wni ] (ha " pedoiricn o sete
monomeric  conpéundioTmedinder ghﬂm{cy?pmﬁffg?ﬂsatgﬁ?§§ﬂ?ﬁ#§yﬁﬁ?éOF%%E¥ed
i | lsigMhy ' ad <sRUrifgcation . c vellt afay be ,
E;ré: g'ltJ: ?Ir a%/i on.s'loggkﬂi I rtllsfbﬁ‘e. po yat];ﬂ"%de r{ﬁfﬂgﬁ’&:or%ﬁ’hg TO tHREDr eventsuch
i nven- tion thésraﬁﬁo'B?mFHETFéQGriﬁ@funlw$otgtth€eabﬁgﬁgﬁﬁ@ﬂgrﬁ?£§9%é?h .
N e . D 0, |-S., | .
S Uk ent e e PRS0 B SRS ROl g
( Q 3 ) b
e voms s ARG BERYE e Pt Tn” . | o eqabtatint o e e
coupling agént h@abdrdeesfstance, it is preferred to use an organic
‘ tetrabasic acid dianhydride in an amount equimolar
o _ to the total amount of an organic diamine containing

15. no silicon and a diaminosiloxane.

The composition for protective coating material
of a semiconductor device according to the present
invention contains 0.2 ppdb or 1less of wuranium and
thorium as the total content. This 1is because the

20 influence.'of'._C(-rays radiated from the protective
coating material on the soft error of the element
is reduced abruptly at this level. The total content
of uranium_ and -thorium can be reduced to 0.2 ppb
or less by purification of the aforesaid monomeric

25 compounds or a solvent.

Purificatjon of monomeric compounds ~ may be
conducted..according to the so called recrystallization

.method, wherein the monomeric compounds are dissolved
by heating in a suitable solvent, subjected to filtration

30 and then the filtrate is cooled to precipitate the
monomeric compounds, under the - conditions which
are not- particularly limited. Purification of a
solvent may be conducted by distii]ation.

35



ensur €® adhesi veness, whereby the object of the present invention cannot be
attained.” On the- other hand, wi'th 10 increase in the content of the 9
abbve recurring units, heat resistance of the copolyner-is |owered until,

at a |level exceeding 20 nole% the tenger~ature at which the wei ght

reducti on commences becones [err] or |lower and the copol ymer cannot stand

the heat treatnent applied at 15 the time of encapsul ation of an

emapsul ati ngIhay:ha pﬁ&m@ommdam d:m(ﬁha/@mmgnnm&mﬂ al

accord- ing t i:!e?"ug t?,gg:ss S5 Fg ydrating
ring closure to e converte P?té‘:h%o yi m de- SI I coné copol yne t may
have a thlckn§§§- er &5 de- dfJ30 [err] odAhdhmE Wﬁﬂl?[ﬂngyﬁﬁﬁﬁy 40
[err] or norejgi@. gréar zhowb%bltzﬁ_@qseb&@s%ﬂael wid-e6tiagal nst

a-ray. The encapsul ating layer may be constltut ed of_a cera package
a. met al p§cka§'€g§'ﬁéﬁ g r'fb? Ia'l(:Pé’ VT 1y v %;f&@ s“?@? fan epoxy

resin nol d, emclesShasTbecmatﬁh&smméssr ﬂdﬂa mmtzmﬁudxmﬂmat&lr@aﬁi erial
according to Lesent _inventi.on . i ts more effec., tiv LiQnin a

hi ghly |ntegra ed sem conduc (%F”“% ry 8 &%ﬁ?—lﬁ%rg specf’flc ely, It is

ef fective for easvagri adbesdveressnewbeyebycrbe: dribaty of ddy @rasfent

i ntegration 39;nveﬁft1$n cBhho®! bEPER tainedSe on Un|Ahdry Rarlld whGnX bit or

nore in case of MS type. Thus, this i1nvention also provides an excell ent
seni-  1010- 1855&66?01’-“d§9?c8°5§?ﬁ§ Oén ey FESY O F FITHIAT MrhSint s of a
sem conductorhaamusels&aﬂt:e aff eReapswodiiied is lowered until, at a

I, level exceeding 20 mole%, the temperature at which the

weight reduction commences becomes 350 °C or lower and
 the copol ymer cannot stand the heat treatment applied at
T 15 the time of encapsulation of an encapsulating layer.

The composition for a protective coating material accord-
ing to the present invention is coated and subjected to
‘dehydrating ring closure to be converted to a polyimide-
silicone copolymer. It may have a.thickness. preferably

- 20 of 30 uym or more, more preferabiy 40 ym or more, in order
to exhibit a preferabie shielding effect against a-ray.

_ The encapsulating layer may be constituted of a ceramic
\”. - package, a.metal package such as metallic cans, or. a '

resin package such as an epoxy resin mold, etc.

25 The composition for the protective coating material
according to the present invention exhibits more effec-
tive action in a highly integrated semiconductor memory
element. More specifically, it is effective for a semi-
conductor memory element having a degree of integration.

30 of 1 K bit or more in case.of bipolar type and 16 K bit
or more in case of MIS' type.

" Thus, this invention also provides-an excellent semi-



| ayer ontaini‘ng an inorganic material for encapsulating said el enrent and Cij}Q
| ayer of a protective coating material 5 arranged between said nenory :
el erent and said encapsulat- ing layer, when said protective coating is
conposed of a polyimde-silicon copolyn®® €onprising 0.1 to 20 nol e% of the
reeurring unit represented by t he above-nentioned fornmula (3) and 80 to

99.9 nol e% of the _recurring_unit 10 represented by the above-nentioned
formila (4). FRBIPFEPECEFVECROBEIRG FORSTHETSY ToRRAIS Pk #HEFRES be

prepared by applsyengehfiecaboreofeRihorede TS| tavredcnpher ServRy y el enent

and by subj ect it to, cehydratl n ring closure to caonvert the
above- nent i oneg’a% e ?’E‘E&bﬁﬁ’r’#ﬁlﬁ PSP % he

present invent saddi slﬁtﬂaast aaned J.alyeletafl 2 hetotedylve ferating tee eyl es.

Exampl e 1 The ' 1 &ngh‘%ﬁ E:a% -
recrystall gzedab eaoé n- %J g%l vent %ﬁ? psulat.

(ami nopr opyl ) - %&Er&ﬁﬁ?ﬁylﬂ?%?l8§5§é9%%¥$ Yﬁtﬁp%ﬁ%ﬁgI4§u¢?ﬁ?¥ﬁﬁﬁw°¢éﬁuced
pressure and 1@oSvEmbE=pyiUithhi &b 45te cgprfy@tzaj ldazetk by use

of acetic acid ? g dride was carrled 'out in gﬂ'{'

met hyl - 2- pyr r ofd 3 pUFFFF%ﬁ°b§nﬁ?s%???%ﬁ?%ﬁr?nﬁﬁe %dﬁ%@ﬂ}ﬁ¥§§§6m?q()
prepare a pol y&rruelaci(d) sahdt 8ontai ¥9. % mebeh ehntlentredudzigounitmei ght
and a visggsit I i s upit s esent ed
by the fo?'rerul ax‘fgge;gatgg ?fg &gf @éﬁegt?éecurrléncgcﬁgnﬁ&% &) re%ent ed by
the fornula (ZPFOtEAFﬂ-EF ?@ﬁﬁ%ﬂf BPT t e stRmerRnduRR Y He ety aawideaci d

sol ution, the peapbarbs BY HppDY yﬁ@ametmé%uﬁmwo@@r&d@bmmn to

r&d-l/ochem cal %Re Xlgxlngrj;[roe gmleggsartz ak? tht%a]deeégfrgga b:{.t? tl.ol hyé)rat:. %02

ring closure to convert the above-mentioned polyamide
15 into the polyimide-silicon copolymer.

The present invention is illustrated in detail below by
referring to Examples.

Example 1

The reaction of 9.0 g of 4,4'-diaminodiphenylether -
20 recrystallized by use of n-butancl as a solvent, 1.2 g
B of 1,3-bis(aminopropyl)-tetramethyldisiloxane purified
. by distillation under reduced pressure and 10.9 g of
pyromellitic acid dianhydride recrystallized by use of
acetic acid anhydride was carried out in 119.6 g of N-
25 methyl—Z-pyfrolidone purified by distillation under
_reduced pressure to ﬁiepare a polyamide acid solution
with a resin content of 14.5% by Weight and a #iscosity
of 125 poise (10 mole% of the recurring units represented
by the formula (1) and 90 mole% of the recurring.units
30 represented by the formula (2)). After removal of the
solvent from the polyamide acid solution, the contents
of uranium and thorium were examined by radiochemical
analysis to be less than the detectable limits of 0.002



ppb and 0.05 ppb; respectively. As the next step, the polyanide acid

sdlytlon was coated on the surface of a MOS type RAMw th a degree of lnte-<§%i
gration of 16 K bit, and heat treatnent was applied at 5 [err] for 2

hours, at [err] for ore hour and at 350,[err] for one hour to forma
protective coating |layer of a polyim de%l | cone copol ynmer having a

thikness of about 40 [err]. Then, the above product Wwas encapsulated in a

cemafric 10 p%ghgg £ -4 fﬂﬁﬁggbgé%ygh t about [err] using a gold-tin
system seal nmateéeria %e se‘n’iﬂf:’on'uc’t or ewjge was found to have a soft
error rate of 30 fit. Next, a naked element with no application of a

ceramc 15  pagkaae- wast &fler,0-tHlea b v il %ﬂ&itsdﬁfﬂ:lcﬂ“}'gﬁ CoZead M

for 20 hours, and er eaf t er ceIIquse acet ate peel t est

conduct.ed, WhEIQE'b)FgﬁOsHé: HESE P*bétmttyr?e"ﬁ% &Et% eac‘{'%ﬁ?:'r% Faydt==nd the
seni conduct or gtrarsoirofs I6Lh Kelbdear], aﬂitlﬂ-:aaﬁmﬁatﬂmat Hegrae ait 20
adhesi veness. LI e e e eactd on c

4, 4" -di am Rodi g‘%@ﬁy:&gt "lé} p)lf}r idd S %ﬁd;lrl y%’s i EX mgl"‘!%‘ra‘“ﬁ% 9 g of
pyro- nelliti c°§cuf@rdmhin@unjécmymarar i amtive mmrgg cfaysr of 2

N-met hyl - 2- pyr pehidan@enyiinfhicetiebolicilidd AR I PP d Uy A le aci d

solution with g résin content of 14°7%by weight "and a viscosity of 135
poi se. As the ﬁ@xﬂmstep, on the same nenory el enment as used in

Then, the above product was encapsulated in a ceramic
s 10 package with a metal cap fused at about 380 °C using a
gold-tin system seal material.

The semiconductor device was found to have a soft error
rate of 30 fit.

'+ Next, a naked element with no appllcatlon of a ceramic"
‘15 package was left to stand in a steam at 120 °C under
2.2 atm. for 20 hours, and thereafter a. cel]ulose acetate
peel-off test was conducted, whereby no peel-off between
the protective coating layer and the semiconductor
element was observed, thus indicating a high degree of

20 adhesiveness.
Comparative example 1

The reaction of 10.0 g of 4,4'-diaminodiphenylether
purified similarly as in Example 1 and 10.9 g of pyro-
mellitic acid-dianhydride was carried out in 118.4 g of

25 N-methyl;z-pyrrdlidone purified by distillation to
prepare a polyémide acid solution with a resin content
of 14.7% by weight and a viscosity of 135 poise.

As the next sﬁep, on the same memory element as used in
Example 1 coated on its surface with a 1 wt.3% solution



Exarrplelcoated on its surface with a 1 w. % sol ution -12- of .ethyl.
acet Qaceat e al um nundi i sopropylate in toluene and treated at [err] for one
hour to forma coupling agent |ayer with a thickness of about [err], the .
above pol yami de acid solution was coated; Tollowed by the 5 heat treatnent
under the same conditions as in Exanple. 1, to forma protective coating

| ay&r of polyi Vi e Q# ng. sy ntly
t hs~/pr ocedur eorsﬁ: % g@, %é% 1, encapsu_af%‘;o%t% écted BE&%H%
soft error ra@® ftf-ter'?@?—m at Eohdfisst o v W storasar courbing 250

fit. —-The ur aaw%%w%%&&w%aﬁezw@& fespdapgve 0.3
ppb and that in_the p,ol yinmde filmless than 0.02 Experl ment al exanpl e

1 15 _A pol yPH 1&' Genafd AL Wae FeEdmn T EXoRpEr at i ve
exanpl e 1sexchpiat ftaleatmettpirdey a0RNisdrfy afovdixI@iseds. ThcELQRPDSi 1 was

left to stand_n st eam_at r.r ] und atm for e. ho. and. t her e-

i ter o B S R enid e AR P pRSRR BRI
pol yi mi de fil frhisknessl of &5 Mm.om t he el enent. Experi nent al exarrpl e 2 Wth.
the sane fornulation as used in the synthesis of the polyam de acid
solution in Exanple 1, but using 25 unpurified materjals, the reaction
was carried oﬁ'Pltl@WﬁPSpéPé’S&%% dhe @TPeRAURS M IaT a2t EXFRMt bt

encapsulation was effected and the soft error rate of the

10 semiconductor device was measured to be 250 fit. The
uranium content in the coupling agent layer was found to
be 0.3 ppb and that in the polyimide £ilm less than 0.02

ppb.

Experimental example 1

15 A polyimide film was formed in the same manner as in
Comparative example 1 éxcept that no coupling agent
layer was formed. The compbéite was left to stand in a
steam at 120 °C under 2.2 atm. for one hour and there-
after tape peel-off test was conducted.  As

20 the result, the polyimide film was peeled off from the
element. '

Experimental example 2

With the same formulation as used in the synthesis of
the polyamide acid solution in Example 1, but using
25 unpurified materials, the reaction was carried out to
' prepare a polyamide acid solution with a resin content
of 14.7 % by weight and a viscosity of 15 poise.

As the next step, the polyamide acid solution was coated
on the same memory element as used in Example 1, followed
30 by heat treatment at 100 °C for one hour and at 200 °C



‘of 14.%7 % by weight and a viscosity of 15 poise. As the next step, the
‘polyan1de acid solution was coated on the sane nenory el enent as used in )/g
Exanple 1, followed 30 by heat treatment at [err] for one hour and at

[err] . for one hour; and thereafter the solution was coated once again

t hereon, followed by the heat treatnmenttdunder the same conditions. This
prgcedure was further repeated once and thereafter heat treatnent conducted
5aat [err] to forma coating |layer of -~ polyinide- silicone copolymer with

a film thi ckneSer cinsshgwr s |andr Hiveraaidwss dhet issdukdoneesceodtedni | arly as

~in Exanple 1 agget LR | el MARITBRS Whiiel ne@+De-2Q0mbhk. The

urani-um content in the polylnlde silicone 10 copol ymer was found to be 0.2
ppb and t he t hBFREm EF-STE (CRCL RS -Th FTSSt £ 1T, Wgspfug ther
seni conduct or feyéetednince i ittt idr =ty Afeatpankagendastbdund to be

65x[err fit, 45 | £ The a of 9.

4,4 -di am %fodlc“heny? Eé% cf:sf'j'fgaq%?aér m'éaEf%n:BFJn? ~0.25 g of

1, 3- bis(ami noplbp@r}-rmm1mmm &bd ckpegsgoff-3fyrmael litic acid
di anhydride was carrieed out in 119 g of 20 purlfled N net hyl - 2- pyrrol i done

“to prepare @ pol yam de acid solution with a resi.n _content of 14.5 % by

wei ght and a vFRE®s| SREFSHRAF IR 8y 2Efedador ifidardyudsi A8 units
represent ed byExdepliéermdmi (the avEO&rreYatle Wae meadhrieddtonbes

represent ed by96@efigfrn¥ﬁg(&aniﬁgn%ontent in the polyimide-silicone
f 10 copolymer was found to be 0.2 ppb and the thorium con-~
~ ' tent 0.1 ppb.
The soft error rate of a semiconductor device only
enzapsulated.in-a ceramic package was found to be 6.5 x
107 fit.

15 Example 2

The reaction of 9.8 g of 4,4'~diaminodiphenylether
purified similarly as in Example 1, 0.25 g of 1,3-
.bis(aminopropylf—tetramethyldisiloxane and 10.9 g of
pyromellitic acid dianhydride was carried out in 119 g of

20 purified N—methyl—z-pyrrolidone to prepare a polyamide
acid solutlon with a resin content of 14.5 % by weight
and a viscosity of 150 poise (2 mole% of the recurring
units represented by. the formula (1} and 98 mole% of the
recurring units represented by.the formula (2)). The

25 polyamide acid solution was coated and cured on the same
memory element as used in Example 1 to form a pdlyimide—
silicone copolymer cdating of 50 um. The coated product
was encapsulated in a ceramic package using a low melting
glass as fusing material at'about 450 °C. |

30 The soft efror rate of the resultant semiconductor device
was found to be 25 fit. The uranium content in the above



25 polyanide acid solution was coated and cured on the same nenory el enent
a$ ,used in Exanple 1 to forma polyimde- silicone copolyner coating of 50
[err]. The coated product was encapsulated in a ceram c package using a |lo
melting glass as fusing nmaterial at abtidt~[err]. 30 The soft error rate of
t he resultant sem conductor device was found to be 25 fit. The urani um
cortent in the above -14- copolyner was | ess than 0.02 ppb and thorium
codtent | ess IOFRPLITES HPE. lEREnphan307Re pehcandnthertum gowtent
4, 4' - di am nodilgRsnhehhel o5 ppBUrified simlarly as in Exanple 1, 0.6 g of
- 1,3- bis(am nopropyl)-tetranethyl disil oxane and 10.9 g of pyronellitic acid
di anhydride was carried out in 66 g of purified N-nethyl-2-pyrrolidone to
prepare a pol Examgpdeadi d solution with a resin content of 20.2 % by wei ght
.10 and a viscosity of 60 poise. The solution was coated on a bipolar type
menory element with a degree of integration of 1 K bit, followed by heat

treatment at [I&e Fepgtignhedr §-8nd af fedf tdierinpdiphenylethiexhereafter
coat ed agaj n, pudtilrawadshiiNeadiylas ih!BEABNE 8] 0474 48Ty 23bours, at
[err] for one ho%r and at &ﬁ$r for one hour,.to obtaJa ﬁ_nennr¥ el ement
having a coat P§ (GPLROBEPRY T dESET PREERELELFLIGRERe Wikt L0197 |9n ¢hi ckness of
35 [err]. The pymomelldidreatidagianagasilbiat @dsi 8agrpb@nett ciniec@0gtype

epoxy nDld'ngp@&&%ﬁ%ﬁ'N—ﬁQQh§E§2§8§£rSi£85néa£$pprepare a polyamide
: acid solution with a resin content of 20.2 % by weight
. i0 and a viscosity of 60 poise.

The solution was coated on a bipolar type memory element
with a degree of integration of 1 K bit, followed by
heat treatment at 100 °C for 2 hours and at 200 °C for
one hour, and thereafter-coated again, followed by heat

15 treatment at 100 °C for 2 hours, at 200 °C for one hour
and at 3$O-°C for one hour, to obtain a memory element
having a coating of a polyimide-silicone copolymer with
.a f£film thickness of 35 um.

. The memory element was encapsulated in a phenol cure
20 type epoxy molding material, and the soft error ratio
Y was measured to be 30 fit. '

The cohposition for a protective coating material of a
semiconductor device according to the present invention
can be-prepared without use of a coupling agent in com~
25 bination, and the protective coating prepared therefrom
can shield the a-ray radiated from the'encapsulated
layer to have a great effect in prevention of erroneous
actuation of a semiconductor memory element, therebf
improving reliability of the element to a great extent.



mat evi-al of a sem conductor device according to the present invention can
be prepared w thout use of a coupling agem i €om 25 bi nati on, and the

protective coating prepared therefromcan shi e1—d—t—he—a~pay—pad1_ated from
the _encapsul at e§LAZ¥S: to have a great effect ntion of erroneous
actyation of a sem conductor nenory el enent, ﬂlﬂﬂmi mlml’; eliability
of e elenent to a great extent. CLAME: 1. tre
producti on of a sem conductor - device constltut ed of pr| nci pal el enents of

a sem- conductor 1. NEMPp¥acess LLLMRAL - e apsul ati ng Iayer
containing an ,inorganic nateri al encapsuf |ng t%ﬁfrd S.C er

of a cured prot‘ei‘(fm <GAFhGtRteCer PAl Bringipal b%lmmtssanﬁ aﬂelﬁeﬁrﬁ—
el enent and sai dosdoapsnl at | n@sjnayyr WhELERERQEPT | S€$2PP! Vil %ﬁ& tthe
protective CO@WJ»QQB r’rg{ne{:l al nEPleon conposed of po ag & A&
conprising Q.1 to Wof afec PERFF&RAI t@ateepeesenneapswamn
fornula (1)7 ang280 edemesiy mokd. %ﬂb.yb@Clﬂﬂlanchspfsgé@ge@gegog%mghe
formula (2), -ebitskpef gx.ra;.&% SN ﬁ di am nosi | oxane,

anﬁaé oFETEY t et tamaRt c aEFid

organic di am ne, _containin no si con
di anhydri de, 15°%% 25eRREPSIAaRINg a ldivex entwhiat ocawmyti g¥9UPapRiying,

as. the protective coating -material, a composition .
composed of polyamide acid comprising 0.1 to 20 mole

o’

U 10 % of recurring units represented by the formula (1),

- C
was neasured to be 30 fit. The conposition for a protective eoati ng @

and 80 to 99.9 mole % of recurring units represented
by the formula (2), obtained by the reaction of a
diaminosiloxane, ‘an organic diamine containing no
silicon, .and an organic tetrabasic acid dianhydride,

15 — - _
. . O 0 N Rl . R'
L I L |
Sel TR
/ . _
HOOC \coon R R' .
20 - - n
0 1 ]
N N — ¢ ;. " _
NH C\R"/C NH—R"'— (2)
25 _HOOC/ \COOH N

wherein R 1is a divalent hydrocarbyl group; R!
is a monovalent hydrocarbyl group; R" is a tetravalent
organic group; R"' is a divalent organic' group which

30 is a residue of an organic diamine containing no
silicon; and n is an integer of 1 or more.

2. A process as claimed in Claim 1, "wherein

the total content of wuranium and thorium in the

35 composition is reduced to 0.2 ppb or less by purification
of a solvent or monomeric compounds.



s a nﬁnoval er'lt'hydr'ocar byl group; R' is a tetra foup;
i s a dival ent -organic group which 30 is -ajgresi Lﬂ mmllﬂﬂmmt"uhm c
diam ne containing no silicon; and n is an intedercoft1 "r Snore. 2.
process as claine rg he, opt.eqt -
ur-ani um and thorlgm i N %ﬁé &corrpom% onéls reduced '#o %% pgb'c?rjq ess
by :purificati ofbef semdromagucEernoRSMEryC Gé#pl@aﬁdsls a bipelar 3.typeA

pr8cess as cl agnﬁﬂcbﬁd&%w lePEménthehgiinghes dygt Of TR on
-element is a blgo ar type- sem conduct or el ement having a degr ee of

i ntegration of ™4 K Bi PLEi-cRoPeT®-4. A process .as clained in aim!l or 2
wherein the sem conductor -menory elenent is.a MS." type sem - conductor

el enent having a de ree i nteqration f 16 bit re,

process as claimed " §n}’ o1c %%I Fgﬁﬁ'mt %ﬁcgpga’leé't Yy

| ayer is a theth@s&tamr@pnchmmr lrEemcry elemenA psoczesHISastmal isethi—n
any of C ains psul.ati er a

A process as crai maa n gal m"ié Bg g%" st%nt !&g 2 &he%g%n%mﬁgtﬁgzl
descri bed wit@f FefErehteopompseany of Exanples 1 to 3 8.

sem conductgr device being constituted of principal elenents of a
sem conduct or mem)r;/ el errEnt ’

process as claimed in any of Claims 1
to 4, wherein the encapsulating layer is a thermosetting

resin..

15 6. A process as c¢laimed in any of Claims 1

to 4, wherein +the encapsulating layer is a ceramic.

7. A process as claimed in Claim 1 and sub-
stantially as hereinbefore described with reference

20 to any of Examples 1 to 3.

8. A semiconductor device being constituted
of principal elements of a semiconductor memory element,
an' encapsulating layer containing an inorganic material

25 for encapsulating said element and a " layer of a
protective coating ﬁaterial arranged between said
memory element and said encapsulatihg layer, said
protective coating being - composed of a. polyimide-
silicone copolymer comprising 0.1 to 20 mole % of

- 3C the recurring unit represented by formula (3) and
80 to 99.9 mole % of the 'recurring unit represented
by formula (4),

35



an;encﬁbsulating | ayer containing an inorgaq%c_naterial 25 for (i}%
encapsulating said elenent and a |layer ‘of a protective coati ng
material arranged twegn sai ggnenory ¢l enent and safd encapsul ating

| ayer, said protecti ing Dbeing of aj polyimde-

sil-i cone copol yner [ % ¢f 3C the

recurring wunit re 800 99. g3yol e % of
the~ecurring unit - { wherein Ris a

r

di val ent hydrocar byl a nonowa ocar byl group; R' is a
15 - t edraval ent Jor gadi ¢ grodp; R | ent of gani c group which
Is a resi-due of an organi c diam ne containing-no silicoh; and n is an
integer of 1 or nore. 20 . 9. A conposition for protective .coating
mat eri al which is cofiposeg of poﬁyanide aqid, a conposition for use as a
protective coating npteri @l of alseni - conduct or devi ce constituted of
princi pal el ement s{ of A4 m cefr nory. el ement, an encapsul ati ng 25

encapsul ati ng sai d{4) el enent,

| ayer containi ng an—r gani &3 -
tive cpating material arranged between

and a laygg of a thgﬁ/ pr :
said nenory el enent &nd sai d encapsul ating | ayer, whi ch

conposi tion conprisepg_0.10to 20 tle %ofjrecurring uni'ts represented 30 by
the formula (1), and 80 to 99.9 nole % of recurring

wherein R is a divalent hydrocarbyl group; R'
U is a monovalent hydrocarbyl group; R" is a
15 tetravalent organic group; R™ is a divalent
organic group which is a residue of an organic
. diamine containing no silicon; and n-.is an

integer of 1 or more.

20 9. A composition for protective coating material
which 1is .composed of po]yahide aéid, a composition
for use as a protective coating material of a semi-
conductor device - constituted of principal elements
of a semiconductor memory element, an encapsulating

25 layer containing an inorganic material for encapsulating
said element, and a layer of a cured protective
coating material arranged between said memory element
and said encapsulating layer, which composition
comprises 0.1 to 20 mole % of recurring units represented

30 by the formula (1), and 80 to 99.9 mole ¥ of recurring
units represented by the formula (2), obtained by
the reaction of a diaminosiloxane, an organic diamine
containing no éi]icon, and an organic . tetrabasic
acid dianhydride, N

AN \\\\\\\\\\\\\\\\g\\\m |

"
c L

35

%«



L]
unrts-”represented by the formla (2), obt i”m t he reactlon of a@

di amd nosi | oxane, an organi.c di am ne contai ni ng "ﬂﬂﬂ””"ﬁ di I
iva ent

organic tetrabasic acid dianhydride, 35 wher' &
hydr ocar byl group; R is a_ nonoval ent- Mydrocar byl group, R is a
tetravatent™ organic’ group; R'' s a “divalent 15 organi c group
whteh is a resifdue of an uorganic I am. n cont 4i ni ng no silicon;
and>~n is an i teger? o or norex* they &otal | content of urani um
and thorium in}{ conpo;itl vidng nd.regdced to - ) ppb or
Tess by purificagi sofjvgnt rpnoneni c conpound A
process accor di 9;;EHIHI 1 and_. ub- aptial lfy- as herelnbefore
described wth ce'tgxﬁﬂy npled . 1tio 3] 25 11. A

g aim® “and -dubstantially as.

seniconductgr d vrce 'accor
her ei nbef or described wth reference to any of Examples 1 to 3. 30 35

e e
L j—--NH——-R”-' (2)

i_/ wherein R is a divalent hydrocarby]l group;

R* is a monovalent hydrocarbyl group; R" is
a tetravalent organic group; R"' is a divalent
15 organic greup which is a residue of an organic

diamine containing no silicon; and n 1is an
inteder of 1 or more, the  total content of
. uranium and thorium 1in the <composition having
been reduced to 0.2 'ppb or Tess by purification
20 of a solvent or monomeric compounds. )

10. A process according to Claim 1 and sub-
stantially as hereinbefore described with reference,
to any of Examples 1 to 3.

11. . A semiconductor device according to Claim
8 and substantially as hereinbefore described with
reference to any of Examples 1 to 3. |
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