POLYMERI ZABLE COVPOSI TI ON FOR FORM NG HEAT- RES| STANTORRR B50L 4-

S ON ELECTRI CAL DEVI CES SUCH AS SEM CONDUCTORS AND CAPACI TORS Thi s
relates to an inproved pol yneric heat resistant

t opol yneri zabl e conposition useful gfr formng relief structures on

el ectrical devices such as sem conductors and capacitors. 5

Phot opol yneri zabl e pol ynmeric conpositions used to formrelief structures 6!‘...
el ectrical deV|ces are mell knomm as shomm |n U.'S. Patents 3, 953 877 Y

conposi ti obﬁs@mkrmzdn@mm%wmm&ﬂ ﬁﬂdtesson exposure

time required ong for a
noder n pr ocakx S T idaeiatt w’eferably of 15 30 seconds
or less are needed for an efficient process As will be appreciated from

t he Exanpl es which Ll ow the_ i.nventi.o rovi des osi tions which can be
phot opol yner.i zed i n{'glFe BV PRMAPD F5h2 r‘l‘t‘? ‘i)e??ogm% %¥&Bosure to
radi ation. fohywericoheasccesdistani) dhotdpo hymerizabbecobmposdaipn se a

| d b | f <
Poe) Eoule Sabebalcsbl genhdnd DG Y WANCBLICOE 81auesaciy ool ver! T
radi ati on- s%ﬁ%%??ﬁesﬁﬁpyﬁﬁrﬁfwmq9 %ﬁqnﬁnakﬁm§32&¢¥tgr§-conpound and 25

(b) an arsmatic bi sbAbdapehgmahaLARAlY Pl Eahpodi Blonghe radiation

polynerlzable o] |t|ons f the |nvent|on can u rmrelief
structures W€ ggti?Eer&& Fée§?§Hﬂf¥ﬁ?§xﬂﬁuﬁ}?ﬁ§r§ﬁﬁ1saﬁygﬁﬁﬁuctors.

-2-4ln pracareewehlskhuhnoasobmdwn<xunnr8l|Rumemtsp3l955,sw7a substrate
such as a Sélég9n5¥9fandcg?b%%;gﬂﬁh(%ow U.S. Reissue Patent 30,186).
These compositions have limited commercial use since the

10 radiation exposure time required to-photopolymerize
these compositions is too long for a modern process.

Exposure times of 1 minute ahd preferably of
15 30 seconds or less are needed for an efficient process.
As will be appreciated from the Examples
which follow the invention provides compositions which
can be photopolymerized in a relatively short time
period of exposure to radiation. Compositions accordin

20 to the_ present invention comprise a polyamide ester resin containing
photopolymerizable groups, a solvent for the resin; and additive (b)
belowor both of additives (a) and (b):- - |

{(a) a radiation-sensitive polymerizable - -
polyfunctional acrylate compound, and

25 (b) an aromatic bisimidazole photopolymerization

initiator. _

The radiation polymerizable compositions of the
invention can be used to form relief structures on
electrical devices such as capacitors and semiconductors.
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sil.i con,di oxide layer and dried to forma filmon the substrate. The film [)/
is then iimmge-w se exposed to radjation through a pattern and

phot ofjol ymeri zed to forma relief inmage strugture. The unexposed.and
unpol yneri zed part of the filmis.dissolved off with a devel oper sol ution.
Thé resulting relief structure is baked to renove the phot opol nerlzed
mat eri al and ﬂm1pnaﬂtiQﬁﬂ3&rﬁQﬁ?tﬂQQuﬂiw%hQWﬁQWP¢§$tb%%n1$oﬁﬂ 1igdhave a

shanpe def i ni tiQn Andidd have Ao 4@ cDagd Lodon ChePésatoRbddekechr heal

properties. To reduce radi ati on exposure_tjinme and_i ncr

e the raje of
photopolynerl2¥Hlkﬂ9nt4R93%6Hbd%4X¢¥nﬁQﬁ drked ntRnf 9HR %oﬁ%ﬁﬂlgﬂtﬁb
conpri ses abogypt3edy 'Mfé gf'ilm basechom ihegaerpbt ekpossdntoof radiation

sensitive polynerlzable nction acryl ate u D ut 0.5-15%
by wei ght, bad&f éhﬁ%ﬁﬁ ot R%ﬁi?%&l X h%f%ﬁggypgﬁisgﬁ1g§zole
ph010p0|yﬁErlEﬁﬁmﬂalﬂuliéﬁcﬁmagémstrmbtmran SBnei wnexppstgnanilzabl e pol y- -

functional acryl at gPOQ$ W?% £ O, £X 4 615 P81 880 1 9L LOYR - W1Eﬁ'”9thy|0|
propane trimet Ra hyT ol “BF opane TTiacrylate, -tri methyl ol
propane et hoxyi adear&]mpmt rexlyt bow, tTheeresubt 19&0@%34@6& abxyrange

: trigacrylate, t hacsyhateantir i netyl o
i propane polyet Iﬁ%ﬂ%/cﬂrlégﬁgﬁgte ﬁsﬁ€gé¥$t r?%%hggrlacr Iateap
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gl gcol dinmeth réﬂéﬁﬁ*dé¥&ﬂ%@i@ﬂ'£@@ £lb acs e 2ECoROh¥BBARYERNE chemical

dlnethacrylate trimethyl ene g %é di mrethacrylate or a mxture of two or
mor e t her eof. %ﬁ@ﬁ?%qﬁﬁF%ﬁ%;tP¥ V1% - propane pol yet hox- ylate

i.triacrylafe having a wei ghto avedege radesuian eepgbtref taineutnB00- 1500 (al

T e o onelhSed e 058 FEr0SEE, BuFtapRELAFLORESBY, OFhePELiBaition

pentaerythrltcdfttheuigﬁemEuomo¢qmv®yienblygquprldeacapbateo-39%|ethylene
by weight, based on the weight of resin, of radiation

. sensitive polymerizable polyfunctional acrylate compound
and about 0.5-15% by weight, based on the weight of the
resin, of aromatic.bisimidaz9le photopolymerization
initiator. - | |

‘The radiation sensitive polymerizable poly-

functional acrylate compound may, for example, be as
follows:- trimethylol propane trimethacrylate, trimethylol
propane triacrylate, trimethylol propane ethoxylate
trimethacrylate, trimethylol propane ethoxylate triacrylate,
trlmethylol propane polyethoxylate trimethacrylate, trimethylol
propane polyethoxylate triacrylate, pentaerythritol

«)

trlacrylate, polyethylene glycol diacrylate, triethylene

- glyeol diacrylate, polethylenefglycol-diméthabrylate;
polymethylene diacrylate,polymethylene dimethacrylate,
trimethylene glycol dimethacrylate or a mixture of two or
more thereof. Preferred are trimethylol propane polyethox-
ylate friacrylate having a weight average molecular weight
of ‘about 500-1500 (all molecular weightis referred to herein
are determined by gel permeation chrowmatography) as well
as trimethviol propans ethoxylate triascrylate, pantaervttriini

triacrylaie, polyethylene glvcol diacrvlate, triet Shylene



) egQOI diabrylate, pol yet hyl ene glycol'dfnefhacrylate polynethylene
adryl ate, pol ymet hyl ene di met hacryl at.e, and trimethylene glycol .
thacrylate. It is possible to obtain inproved results i.e., shorter
P merization tinmes conpared to prior art compositions , w thout the use
of the above polynerizabl e polyfunctional acrylate conmpounds in the
conposi ti . on For nost practical co+frerci al proceSses however, the - _;
presence of o] i.qnal i rred. -
“Typical -aro ﬁgﬁb§¥£#§¥;%¥% éﬁ??géﬁ§}é§) él §1£ g#%ggyggégdlsclosed
in U'S. Pat ppllymgthyden®s damd:nvlm,Sam*meit@lmm%o@;m@hlaacyy?sabst,| t ut ed)
phenyl imd | yehe, g% 3 n ﬁé@héggiié gent on the 2- phenyl ring
are partlcu?gralgle &gﬁé‘tw%@:@cgﬁz@mcﬁators o) %l S type are
2- 0- chl or ophenyl - 4, 5- dll(toﬁﬁ aeasiple b i ARikaatn vada@%uytsm nmer, .
2- (o-f1 uorogheny! )smﬁ,t%zd m@dw&vbﬁméytmwﬁ@altm 9ﬂzeiyhr@ ner .

. 2- (0- et hyoxy hen (), - pti y subs |tute henyl i m dazo] di mer.
Partlcularlﬁcg Fﬂ@ﬂsar§ (hﬂﬁf Ui gHenifte 28 é%&??h%ﬂ%?i?yl) and

bi s[é ? chl pbﬁplﬂ&mﬂtl@l,n)ﬁldlac(ﬁmldwd | Yomegyikn dgr ﬁazmylc%]orﬁ@ogitibﬁbl g

4, 5-di (- m et hox i dazo n since t are s e and are
excel | ent 8?08 %3n€% 9§ﬁq%ﬁ%ﬁ%#13£3&3ﬁ§$sblrﬂ%ﬂ%ﬁ%teg

di scl osed |pr@s§ncéabdhwn@ ol yEihataijored k adxey Listal @smp@mmdatmss in

conp03|t|onﬁlgﬁ§?r§& Qpe i nvention. To enhance the _
phot opol yneri er phot oi nitiators and phot osensi ti zers in amounts

of about 0.1-10% by werl‘gmmaaammm::tméomngmzom plhetoepdhymenhzbsiosed
in the conpeaithighortyBrerldisdiifed W B, Patents 3,479,185 and

3,784,557. 2,4,5-Tri(optionally substituted) phenyl
imidazolyl, dimers hav1ng an ortho substituent on the 2-

»

phenyl ring are particularly useful. Typical initiators

of this type are 2-o-chlorophenyl-4,5-di(optionally
substituted)phenylimidazolyl dimer, 2-~(o-fluorophenyl)
'—4,5—di(optioha11y substituted)phenylimidazolyl dimer,
2-(o-methyoxyphenyl)-4,5-di(optionally substituted)
phenylimidazolyl dimer.

Pérticuiarly preferred are
bis(2-o-chlorophenyl-4,5-diphenylimidazolyl) and
bisf?—o—chlorophenyl—4,5—di-(methoxyphenyl)imidazolyl}

(e.g. the 4,5~di(-m-methoxyphenyl)imidazolyl compcund),
since they are-sﬁable and are excellent photopolymerization
initiators. ' |
_ Hexaaryl biimidazoles as disclosed in U.S.
Patent 3,552,973 may also be used ds initiators in compositionss
according to the-invéntion;

To enhance the photopolymerization, other
photoinitiators and photosensitizers in amounts of about
0.1-10% by weight, based on the weight of the resin,
can be used in the comp031t10n Typically useful photo-
sen31ulaevs and initiators inc lude aromatic ketones such

- as tetramethyldiamino benzophencae, oénzophenoué; itichier's



; ‘ P = . —
'sensitizers and initiators include aromatic ketones. such as _ (\_Ejgy
~ tetranet hyl di am no benzophenone, penzophenone; Mchler's 4- ket one —

4, 4' - hi.s(di nmet hyl am no) benzophenone 4, 4' - bi s(di et hyl ani no) benzophenone, -
4-acryl oxy-4' -diethyl am nobenzophenone,

4- met hoxy- 4' - di net hyl am nobenzophenone, 5 2-ethyl ant hr aqui none,
‘phenant hr aqui none, 2-t-butyl anthraqui nong, 1, 2-benzant hraqui none,

2, 3-\genzant hr aqui none, 2, 3-di chl or onapht hoqui none, . benzi | di net hyl ketal,

and ot her ar oltgten&etbis-bigtdimethzlaming)panzPBREARRAL| oned U. S. Patent
3,522,973; 10 pefza{s( PESE Paki A6 BesH6PhaioReNz0i n net hyl ‘et her, benzoin

et hyl ether, nethyl benzoin th{lbﬁnZEinEand.o her benzoins. It is possible
to use conbi ntt ¥9x¥ﬁﬂ?rgﬁ% belamtpeherzaRaeBRBEopol yreri zati on
initiators. 15.GesHewyv4'idimety DaniyoBehzophonoheye is [onger if the -
phot osensitizel | t added.. 1t Is fer . a conpound present
~ that change'% %T%&%‘ ?"}%??Q%ti%g?gngggﬁ{lg%ggéﬁd that is a hydrogen
donor that pr@+4tesutylapthreguisone; 1o2-benganthragudponeLeuco dyes can
be used for tgg 3 % - thogeqdbfebpsRdphEndhaigeRat i oned U S.
Patent 3,552, %fkéﬁﬁégi?ﬁxfigf °€%’cgf. %% ?#ne 9?. Tyaicagpy’useful
leuco dyes ar endl dﬁimtbxlohﬁt&b.a#kén@‘éﬁgﬁcﬁrﬁ@?‘tif’ etones .
tris(dimethyl agidp-£st@lyé1s8E8a08 - afSrementionel0OUY8N Hateates, 522,99 3f0r
use in the invention can be prepared according to the'afgée nthoned u. S.
Rei ssue Pai®ntberzabm. Weaaehn Ataehfatieh 38y PEPEBRY PETAY AT dr i de i s
esterified w themzdyslr @¥pl kythes| yhatRylbenebliagr gthydbehizolini andhen
reacted with %9t€é§”%3320gxglcal aromati c pol ycarboxylic acid anhydri des
It is possible to use combinations of both
photosensitizer and photopolymerization initiators.
15 Generally, the photopolymerization time is longer if
'the_photosensitizer is not added.
It is preferred to have a compound present
that changes color when polymerization is_complete
and that is a hydrogen donor that p:ovides a rapid
20 gtart for polymerization. Leuco dyes can be used.for.
these purposes, such as those disclosed in aforementioned
U.S. Patent 3,552,973 (col. 6, line 6 to col. 11, line 9).
Typically useful leuco dyes are alkylamino-acromatic
alkanes such as_tris(dimethylamino-o-tolyl)methanq.
25 . -. _Polyamide ester resins for use in the invention
can be prepared according to the aforementioned U.S.
Reissue Patent 30,186 wherein an aromatic polycarboxylic
acid anhydride is esterified'with-a'hydroXyalkyl
acrylate or methacrylate which is then reacted with
30 diamine. Typical aromatic polycarboxylic acid anhydrides

and diamines are disclosed in U.S. Patent 3,179,614,
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d\ di ami nes are disclosed in U S Patent 3,179, 614. -5- Typi cal
oxyal kyl acrylates and nmethacryl ates are as foll ows: - hydroxyet hyl
) | at e, hydroxypropyl acrylate, hydroxybutyl acrylate; hydroxyethyl
imet hacryl ate, hydroxypropyl methacrylate and hydroxybutyl nethacryl ate.
~Typi-cally useful polyani de ester resigs have the foll ow ng structure: -
[err] where the [err] denotes isonerism R is an aromatic radical, Ris an
organi ¢ radical containing a 2 photo .pol yneri zabl e ol efinic double bond,\wk -
is an aromati c, aI|phaumypmcamunxﬂﬁoxywnkxirzmhyhaueﬂdamdls a positive

I nt eger suf rage

nol ecul ar B‘eg??t%‘%é‘#& tge f[%u% @%O‘ttvdoﬂ%x}% € pa$$ @Yﬁt\e g§ﬁ§§§

‘pol yani de eQWdWOM@ﬂn@nwi1%&?H&ﬂiﬁﬂ(hﬁ¢ﬁQKﬂhﬂtxﬁ %@rﬁhﬁtﬁbthﬁdupaﬁﬁﬁhvﬂde

hydr oxyet hy I eqyg} $§?P n r i ght

aver age nnlgﬁh a?ﬁigﬁﬁg bout ‘%ﬂggo %ﬁ%&f#y%l%g ﬁ%ﬁgégggafﬁgt can
be used al oRethacry ination to dissolve the polymer and to dilute the

conposi tion to an appl i q&ytm%Mysmﬂm PFELPELDYEPYEF OLEOAS, have
butyrolacton g & Iene col _nmonoet hyl ether di net hyl formam de,
m i%ﬂ%&

¥

di et hyl ﬁhosphorlc aC|d triamde. Preferably, thes

conp05|t|on cop%flns ab 10 40 perce by wei ght, baseéd on the wei ght of

‘the conpositio estﬁg re%f contalnlng phot opol yneri zabl e

groups and ab tc GU' @,en]?T »
0

where the -3 denotes isomerism, R is an aromatic
radical, Rl is an organic radical céntainihg a
pﬁpto polymerizabie olefinic double bond, R2 is an.
aromatic, aliphatic or cycloaliphatic radical and n
is a positive. integer sufficiently large to provide
the resin with a weight average molecular weight of.
about 5 000 to 75 000..

‘One particularly useful polyamide eqL
resin is. the ‘reaction product of pyromell:t*c dianhydride,
hydroxyethv1 methacrylate and oxyd1an¢11ne having in
partlcular a.weight. average molecular weight of about
15,000~60, 000

Typlcal solvents that can be used alone or
in combination to dlssolve the polymer and to dilute
the composition to an appllcatlon viscosity are
‘N-methylpyrrolidone, butyrolactone, ethylene glycol
monoethyl ether, dimethyl formamide; dimethyl '
acetamide and hexamethylphosphorlc acid triamide

Preferably, the composition contains about
10—40'percent by welght based on the ﬁalght of th
composition, of polyamide ester resin'containing
:phofopolymerizable groups and about 60~90 percent

- by welghu; based on the weichi of the compositicn,

-

of a solvent for the resin.



Eby wei ght,, based on the melght of the'conposition of a solvent for the.
.resin. Bl ends of these solvents, wi t hga nonsol vent can be used as a
Edeveloper solution to renove resin that was not exposed to radiation and

not{ pol yneri zed. Typical devel.oper solutions are 4-butyrol actone/toluene in
ia weight ratio from 2/1 Bbends, °§|ﬁ§?ﬁ§lSﬂ&“ﬁﬁﬁﬁﬁﬂ%ﬁhﬁ#mﬂom%o%VQBFQht

fratig from 2/ 1 dan I uEé@ShstZQéGeiéﬁeés' %@mﬁcﬁﬂﬂe@btmﬁ@@n cpgBgai tion in

anDuﬁLs of 0.1-10% by wei based on t he ,wei ght of: the resin. Typi,cal
oot o ver s arhat MRt ooPt L ABBBRGHe Lo GRAL LB At (aLRyeE LEBAS At o

?ginonyllphthalate pol yeryyieae céyépr@th@biﬁ?ﬂbngraﬁ@nﬁ gl ycol _

i caprol ate C sition tq suhstrates ionis
applled and t heh éﬁ#ﬁ% f%cP ﬁ?gggPFHFaﬁ 5bﬁ@¥ﬁ?§(f?%ﬁ? E% ngZS %020
‘mnutes to 5 haw s, dtmethyn1fermhmmdeypaaamdﬂwxnaﬂ1weig%teratior about 1

isecond to 5 n1 ‘?i i ég ﬂ ky, for a commercial process exposure timnmes of
51 60 seconds ar and”lsual |y an exposure tine under 30 seconds is

'nuoh preferred. Typical Phdshicmaessucaasakaajbawadﬂ&dem@cmhﬁ | anps

fﬂf’!lﬂg{‘?s%ﬁ?@%ﬁ S0iCig8 n0 Eh8pAES, BRNOTLA0s B iqht PBAgdatbn ) O 00
idlpped or sprawwm WWlQhé.dévbhepﬁessnhutNMPIqn%ﬂn&ﬁ&ﬂx¢n%@h®n€bEvent and
ithen dri ed. The. %flcﬁé§93?9t§ pghﬁb?yilyﬁgﬂéia@g q&fpéfypy baki ng at

laboﬁt 200- [err] for a Dur i n curing all the
-acryl ate conporitkialkake, dinonyl phthalate, polyethylene glycol '

ethers and ethylene glycol dicaprolate.
. In applying the composition
td_substrates, the composition is_apylied and then
dried to form a film at about 30 to 100°C for about
20 minutes to 5 hours. The film is then.expoéed
through a pattern for about 1 second to 5 minutes.
Preferably, for a ¢ommercial process exposure times
of 1-60 seconds are required and usually an exposure
time under 30 seconds is much preferred. Tynlcal
radiation sources used are ultraviolet lamps
providing a wave length of 250 to 400 nanometers and
an intensity of 0.5-60 milliwatts per square
centimeter (mW/cmz). After exposure, the film is
then dipped or sprayed, with-a developer solution,
washed with a nonsolvent and then dried. The film is
el cured to a polyimide relief structure by baking at
about 200-400°C for about 20 minutes to houro..
During curing all’ the acrylate components are
decomposed: 1eav1ng a polyimide structure,
 The resulting relief Structure Has a Sharp'definition
and good chemical, electrical and mechanical propertieﬁ‘
Typical uses for the composition ére as
follows:~ protective coatings for semi;donductdrs, |
dielectric layers for ﬁultilayer integrated circuits,
high femperatufe solder mask,bonding multilaver circuite
and as a final passivating coating on electrical devices,



osed | eaving a polyimde structure, The resulting relief structure
sharp definition and good chem cal,- electri-cal and mechani cal
Dperties. Typical uses for the conp05|t|on are as follows: - protective
*cOatings for sem -conductors, dielectric layers for nultilayer integrated
‘circuits, high tenperature sol der mask, bonding nultilayer circuits and as,
a final passivating coating on electrlcal devi ces, -7- The. follow ng
Exanples illustrate theThevBORIOW1ngIExpmpﬂesandlpsmaenmaga&aare on a M-
wei ght basi s, and | ecu t d | _p t on .
chr onat ogr apHy Qégﬁﬁmekﬁi($§fg inf ﬁp?@%ﬁ%%ﬁ%% % 98! a,%kﬁ%%ﬂ
G ans Pol yarbadmsa%md meteqular weights are determinedl®yO@&<lpol yner of
pyromel | iti d ed wi th hydroxy ethyl nethacryl ate
and reactedﬁa%@ﬁggygéﬁO§§%@§%§§%§Qbﬁ d haV|ngFa wei ght average nol ecul ar
wei ght of about 25,000 prepared accofd xanpl e 2 of above U. S

Rei ssue Pat erfti)30, 186)adh giglgﬁl Qrophenyl 4, 5-di phenyl i mGaambyl) 0.70

M chler's ketone (tetr - - : . 25 .di am nobenzophenone)

Trls(dlethyl%@ﬂyhdtgéﬂégagptbgggn _ 0 25 Tri meily06l propane

pol yet hoxyl at olymer of pyr@mBllikderyl ate having a wei ght aver age. -

nol ecul ar welgﬁ éﬁ@@egkaeﬁmybﬁyrrolldone

30.00 Tot al (ﬂydroxy ethyl methacrylate _ |
and reacted with 4,4'-oxydianiline- -

and having a welght average molecular
weight of about 25,000 prepared
accordlng to Example 2 of above

" U.S. Reissue Patent 30,186)

Bis(2-o-chlorOphenyl-4,5-diphenylimidazolyl)' 0.70

Michler's ketone (tetramethyl . 0.25
diaminobenzophenone) S
Tris(dlethylamlnoéo-to]vl)methane - _ 0.25

B Trimethylol propane polyethoxylate ' 230

triacrylate having a weight average
molecular weight of about 1200

“N-methylpyrrolidone B 30.00
o - Total  43.20

The above constituents are charged intowa
container. The container is placed on a roller and
miXed for about 2 hours and then the resulting'composition
is filtered through a 1 micron filter.

A 2 inch (approximately 50mm) diameter sili icon
waler héVLng_a_slllqon.dloXJde-coatlng_Lsncoated with an
aminosilane adhesion promoter solutioh by a spin coating

' technique wherein the wafer is rotated at 3000 rpm for
30 seconds after the adhesion promoter solution is applied.
The wafer is then placed at 300°C for 10 minutes. The
abhove prepared Composition A is thinned as follows:; 10
parts Composition A to 1 part thinner (ethylene glycol
moxoetnyl ether/N-methyl pyrrolidone.- 1/1 weight ratio)
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! The above constituents are charged into a container. The container is
iplaced -on‘a roller and,m xed for about ,2 hours and then the resulting
iconpogition is filtered through a i.mcron filter. A2 inch (approximtely
QSQqﬁi di aneter silicon wafer having a silicon dioxide poating_is coat ed
iwith an am nosil ane adhesi on pronoter sel8#ion by a spin coating technique
wherein the wafer is rotated at 3000 rumfor 30 seconds after the adhesion
pronkier solution is applied. The wafer ' is then placed at [err] for 10
jmnutes. The abewnd phepahddnEdnmpospoisdirtidn sist kippideddf diowovd0 parts
Conposition At part .Lhi r ' & R ) |4 ot t hyl
ipyrrolidone .- %pﬁf %8%§%Eg?ggfg%ﬁh%¥2§%§f%% phf%ES%P?%%ggéff%%%hygggpplied
iby the above spiTheceampegitdomniiguexpoiseg 3000 ninarast (IR X delahis. dupens
jconposi tion is gxROoged nt §ppAficai&@n(.! Rrrd Q!Hatcilif%'lﬁ (¥ £t 80P 4 cati on.

; The coating of ConpoSition A is then dried for ours at. 55C tqHPrOVIdQ_a
{filmabout 12,588 ARGSt A8AE% HOEk 2 DENE Sc Gt &P Vaftét ROl § il &Rt het
i Fr iﬁ;lt er dhavi _ngt QZZQ?OV%h*gfstt&'Eb)ﬁz%;/ltgi%‘k.(.U\I‘)hé -k@ﬁtéﬂ‘cplﬁa(ﬁﬂfig?ﬁ;ﬁ]ia[@éw_ met er sGI
1(n and an i ntensi of abouy - err] u A mask with lines ce
{4 acrons apart “&né g?ﬂ&?&& P6’r1n§e§e@%ﬂd§‘].g T"h?qrgf“é‘rtti ?thrénv%%lfetf oﬁ)@‘g by
:di ppi ng the waf @igher sbireec @fdS56n nanbmkteadsut(mt) efnd an intensity

: 4- but yr ol act one/ t.ol} ng - 2r fo - ds, i spray, of
;tolene to rermsrg éﬁ?ﬂﬁng%o%neﬂ%@ong%é?’% 8n5“a55§§&3%% erl\q%%nsaga’s”éc%rlj‘ed at
:[err] for 1 houmitcyopsowidataand exposedudion & ssnunds S5AhaArvsien s t hi ck.
: Addi tional siligg Ly & erPBQUE 1 WEBH & except
:the follow ng e%pggnﬁgg%?ﬁggﬁa?genggaygi§'%%ggh s, 15 sggonds, 20 seconds,
i130 ' a 1/1 solution of 4-butyrolactone/toluene and then

rinsed for 5 seconds with a spray of toluene to
remove any unexposed composition. The wafer then is
cured at 300°C for 1 hour to provids a relief
structure about 4,500 Angstroms thick. o
Additional silicon wafers are prepared using

- the above procedure except the foliowing exposure '
times are used:- 10 seconds, 15 seconds, 20 seconds, 30
seconds, 45 seconGS'and 60 seconds. Expoéure times

of 10, 15 and 20 seconds result in clearly defined
images which are acceptable but longer exposure times

of 30, 45 and 60 seconds résulﬁ in pdoref images due

to over exposuTe.' '

Additional silicon wafers are prepared using

2 the above identicalf?rodedure except the following
~ developer compositions are used:~ _
® : 4-butyrolactone/toluene in the following weight ratio

’ 1/1.2, 1/1.4 and 1/1.6. All developers were adequate
' and gave an acceptable product. ' '



seconds, 45 seconds and 60 seconds. Exposure tines of 10, 15 and 20 seconds
NIt in clearly defined i nages which_.are acceptable hut |onger exposure
t{ges of 30, 45 and 60 seconds result in poorer inmages due to over
Aekposure. Additional silicon maferg are prepared using the above identical
‘peocedure except the follow ng devEl-oper conpositions are used: - .
4-but yrol actone/toluene in the follow ng weight ratio 1/1.2, 1/1.4 and

1/1.6. Al ngyjel Operéoif@E:%z%Ciwaé ‘Gipih gﬁs’eréﬁréﬁéﬁlﬁh%tﬂv% goduct . W9

- (1) osition B wh isre reseqéat|v§ 83 known conp05|t|ons is
prepared as KQ@W%mﬁomEpﬁﬁ§1P@ﬁyéﬁ SRAERA (38| RoLLoOWS: |

128.6 (described above) N-phenyl naleim de Grams 6.4
M chl er's ketone , 2.60 N-nmethyl pyrrolidone

300. 00 TotaJpolfgﬁlseTbgt@Qn$@§nﬁwns are m xed toget k@8.6sing the sanme
procedure as (@ss&lbpddaadowefjor Conposition A and a silicon wafer is
coated with the above adhesion pronoter and wi th Conposition B, both using
the spin coag+pleapl matedgigieocedures described above féard Conposition A
The -coated wafer then is exposed as above (10, 15, 20, 30,45 and 60 seconds)
to the UV | igithseursekesonged in Part (i) and developed #dng 1/1 ratio -
4- but yrol act one/ t ol uene devel oper solution. The coating is then cured as
descri bed i nN¢methph pyaeoddgessd unacceptable relief 390.0@ ure is forned.
Exposure tine to the light source had to be -
) S Total "437;6
The constituents are mixed together using

the same procedure as described above for Composition A

and a silicon wafer is coated with the above adhesion

promoter and with Composition B, both using the spin

coating and drying procedures described above for

Composition A. The_coated wafer then is exposed as

above (10,15,20,30,45 and 60 seconds) to the UV light

source as uséd in Part (i) and developed using 1/1

ratiq 4-butyroiactone/toluene developer solution.

The coating is then cured as described in (i). An

underexposed unacceptable relief structure is

formed. Exposure time to the light source had to be

increased to 3.5 minutes before an acceptable image

was formed,

EXAMPLE 2
Grams
Polyamide ester resin 3.000
(described in Example- 1) '
Bis[2~o-chlorophenyl-4,5~ 0.200
di (methoxyphenyl) imidazolyl] '
Michler's ketone o 0.070
Tris(diethylamino—o—tolyl)methane 0.054
N-methyl pyrrelidons _ i2.000 ‘

v et e



: Grans Pol yani de

.ester resin ' ~10-

. increased to 3.5 m nutes before an accept abl e i mage- was fornmed. EXAMPLE 2 y
3.000 (described iin
0. 200 !

i Exanpl& 1) Bis|

2-o-chlorophenyl-4:-5-

¢t di (met hoxyphenyl )i nmidazolyl] Mchler's ketone

. 0.070 Tris(diet
: pvrrolidone

i abovwg, constitue
: Exanple 1 and t

i coating and drybggmgao%ﬁi@‘ﬂ @réadHe

hyl am no- o-t ol yl ) met hane

fk3ng’ €ndl Seihd QRdRIudlsl 49 Lherka
e résulting corposjition is coated o S,
i primed with an EEREILIAIDCORNAEL O kT r¢RRECHNOREINGI &1 1GOHFAIRE sane

i exposed for 4.0_mnutes_to an ultraviole

i MVcm, devel op

| ht
E42mpiLRe dd Ui i SANS (CRREARE oA

SO

| _ Q. 054 N-met hyl
The above constibuenbsTarg mixgdziegetheny. The

RB1Br ACQGH &Rs i n
onto a .silicon

ur,c

fer

Eopotetha@scaakesd iticerid hen is

inte%§é3%1.1
ng

f, 2
Rd; §rHioG: EOF

; wWith an excel |l egs ghedkampage.1 . Comunsidooted® warExanhea isd expupded as
%g£t2 the sanme light source for the sane tinme, devel oped and
n=u

: above and expos
: cured as above.

RaBAaREESe dOudlc MdFTaNie Latadd ghd monmce ofx

posure

:times had to beihfeneasedit @ aRgun3- deWeNdpes,t @ ine/ed ah BCRAREIARIE | mage.

! EXAMPLE . 3 The
s constituents as

*

- form an acceptable image.

e R UL ST EIARTES TS LD,

clear image.

aﬁdé¥%éf¥é

nt

Composition B of Example 1 is appliedfas
above and exposed tc the same light source for the

same time, developed and cured as above.

underexposed unacceptable image is formed.

An
Expo

sure

times haq to be increased to about 5~-7 minutes to

EXAMPLE 3

The following compositicons are, prepared by

‘mixing the constituents as in Example 1:
@ . :

Composition

Polyamide ester resin
(described in Example 1)

Bis (2~o-chlozophenyl=~4, S-
diphenyl imidazolyl)

Michler's ketone
Benzophenone

'Tris(diéthylamino—o-
tolyl)methane

Trimethylol propane
trimethacrylate

Trimethlol propane
triacrylate

N-methyl pyrrelidone
Thinner (ethylene glycol

monoethyl ethar/N-methyl
pyrrolidona 1/1 ratio)

10.0
0.7

0.25

0.20

2.0

36
1¢

B &
(grams)
10.0. 10.0
0.7 -
0.25 0.2

- 0.8
0.20 -

- 2.0
Pz-oa’ -
20 30
10 10

10.0



] . o .
posi tion C D E F (granms) Pol yanide ester resin
™ 10.0 10.0 10 0 (described in,Exanple 1) Bis(2-0-chlorophenyl -
0.7 0.7 : - dlpg?nyl |n1dazolyl) M chl er's ketone
0.25 0.2 0. 2 Benzophenorit - - 0.8
- 0. Tis(di ethyl am no-o- ' 0.20 0. 20 - - tonI)nethane
Tri met hyl ol propane 2. 0 - 2.0 trinmethacrylate Trinmethlo
© propane : % 2.0 triacryl ate N-nethyl pyrrol i dege
- 30 30 30 30 Th| h‘h r@ét%ﬂléﬁb AUR@Fitigps are egch copred 10

monnoet hyl etheréﬁtceahsllﬂwbhOWaﬁyrEéHfhé&“é@)ln EIQﬁniﬁsilth% aq
conposi tions are, ach,coated onto a silicqon wafer primed as in el

“with an adhesion® %ﬁb?grpﬁgmﬁﬁefh@i&ﬂﬂl dﬁﬂthRQngnﬁréééd@Bé of Exanpl e

1. Each of the moatéedgseaoe mempakp(l&ed Eaitfh lofn EHéecygkRAga 200 Watt
light 2 source haV|3§qa surfaceqlfteng ; [err] in the contact printer.
e

Each of the coat®d wetet SCFROFRY et Bhe nﬁtQIESFHglé 200 Watt light
4- butyrolactcnmﬂSannmnmhahmmgome$u3ﬁiuéIQﬂtéﬁél@? secendmw/ ch?n%%d for 10

seconds with tolyene, ahd waf ers _have acceptabl e

i mges. The mafer ) e\Méﬁié%#éigltlggggrﬂgs%?ﬁecﬁéngaW& fRESt 18l ear R
~ image. The waf erdawaleongd hirCompbs? tratic &abutheomeatohe;lto&&&ﬁ@ The i mage
_on the mafer mMadfe vl Idb P RORI {10 Foi Soo seconds, rinsed for 10

seconds with toluene and cured as in Example 1. All
wafers have acceptable images. The wafer made with
Composition D has the best and most clear image. The
wafer made with Composition C has the next best image,

¥

The image on the wafer made with Compositicn F is
slightly better than the image on the wafer made
with Composition E. '

| Composition B of Example 1 is coated onto a
silicon wafer primed as in Example 1 using the above
procedure. A 1 minute exposure time gave an
underekpoSed unacceptable image. Exposure times had

M

to be increased to about 5-7 minutes to provide a
clear and distinct image on the wafer.



sllghtly better than the i mage on the waf er nade with C?@Fiﬁltlon E.-

Conposjt.i on B of Exanple 1 i-s coated onjo a silicon waf W!"E ﬁwumﬂ

Fxapple 1 using th.e above procedure:. 2- i nut e exposu
ginder exposed uggpaesy abl e i mage. -Exposure tinmes had to be |ncreased to

hbout 5-7 M NnuCES TOo provide a cl ear -and di stjnct the wa
§12- \CLAIMS 1. A radiati ont polyntdiabien c%%%ﬂ?%%?ﬁ%n‘b‘?mg?%btéon

ol yam de est elcdmpft it N tRi go Dgarpid Ces P&k V&S i 7 abd et givips; plaosoLvent for
Bhe resin, .a radiation- sensitive poly |za€ é%.unctlonal r¥agton
onpound and aPChIGIRRA 220l R R e JhoF Toe  BeS 1R 7 50
Fonposi tion as semiteive rpdl ymer iz aiibs qmmlyf\mqﬂoinymml | Zaby ka pe| gérpoundnal

fior v ate, coMpouNd: 'k LSRN d AN AIBINL 81 R O0R bindbl At oftased on the.

ei ght .of the Pt § erTzat T on IS present in an
mount of 0. 5- ﬂﬁ%ﬁgat&rght based on the weight of the resin. 3. A

: omi)05| tion as clained in g ai | ]"‘%‘f‘%%{%’? g@eéfé('ﬁé@enpc@y Lde ester

Fesin has the fol |l owi ng structure: wherein [err]
Benot es i sonmer wheredn stheh polimerzzble RelyRinetionabragyyatadeempound

Fontaining a pha! QrrdUn4Teid Z@:P'ﬁn&l&tf '6‘f C5 D0 by Shdigh®, AaBEQNBH | Ehe .

& i phatic or cycloaliphatic radical and n is an integer sufficientl Iar -
# 0 provide theWedghi \@f he REHH, ART JHfte AL RFYHRT HFA T 590 abBl 1§t990
‘75 000 det erir xbduhein RAT MRAGULE @fr@rwlp@%a@ﬁywelght based on
the weight of the resin.

3. A composition as claimed in Claim 1 or

Claim 2 wherein the polyamide ester resin has the following

structure:-

Rl

- wherein —) denotes isomerism, R is an aromatic

1 is an organic radical bontaining a photo-

radical, R
polymerizable olefinic bond, R2 is an aromatic, aliphatic
or cycloallphatlv radical and n is an integer sufflclentl
large to provide the resin with a weight average molecular
welght of about 5,000 to 75,000 determlned by gel permeatlon
chromatography
' 4., A composition as claimédfin_Claim'3
_ ‘wherein the pOIYamide ester resin has the structural
i formula (I) in which R is the residue f’(CGHZ)‘~ of
pyromellltlc dianhydride, R .1s the residue of hydroxyalkyl
methacrylato or hydroxyalkyl acrylate and -NH—R?—NI- is
the r351due of an aromatic diamine.
5. . A composition as clainme d in any
preceding claim wherein the polymerizable polyfuncticnal
adrylate is trimetiyvlol propvane trimethacrylaie,
trimethylol pro?ane triacryldte trimethylol propane
ethoxylate trimethacrylate, trimethylol proping gthoxylats

: .
T TR T A 7 - Y TR RS ST 25 Ty S PG, ST~y T o s e



I

:ﬁed'in.CIain13 wher ei n t he. pol yam de ester resin

A—GG#BG&FFFGﬁ"&?ﬁﬁTﬂ
la (1) in which Ris the residue [err] of =~
jl!i‘i[g @mﬂy [“F {err] is the residue of hydroxyal kyl 2
: oxyalkyl acrylate and [err] is the residue of an
aromatic dianine. 5 - A conposition.gg~clained in any precedi ng clai m
wherein the polynerizabl e polyfunctional acrylate is trinmethylol propane-,.

t { Ihmet lhatc rﬁ&tﬁt@s %ﬁtépthyixﬁéwymaanprbpaa@r pb&!v@thbbdyllﬂtﬂbw ol Pr opane hid
e 0oX at e Ccr ane e - - )
tri ac)r/yl atfe"{"f‘?”%??e Wi/‘b? B’ﬁi’ﬁg%ﬁ?gt Rg e P aﬁtaﬁ

tr|nethyhﬁriza#y&mx@plyenhmeyyaheltolatryharglament@e@pﬂﬂhﬁkﬂne

[ | | | | | di | ,
5" bolyt A B ESL Sl ETEed) Y EFL pEhBTERS Ty ekl BaabySigdgITe O acrviate
pol ynet Hyipokyethel ¢nerglacel dimgthayrzidatgl,ypolymetbyiene | ate or a
m xture ofg Cj}d’&ﬁaf@repé?ﬁtﬁéeﬁylﬁne AimeTRASry1aR eAS t@lﬁie@ﬂrléﬁ@ny 10

precedi ng wherei n hot opol yheri zation initiator

bi s(2-o-cH¥. %e‘?’meﬁhsc-ﬁ?bhéﬁw?nﬁdﬁiﬁwrf gf fwe or m‘-"re

2- 0- chl or ccdwedyt - 4, 5- dl(nethoxyphenyl)ln1dazo|y| 7.. A conposition as =
clainmed in-any pre'edi and inclu

g clai
the wei ght of the esi&,cﬂ$pﬁn#5685 a§ec9aqged ig ang conmposi tion as
cl ai medLo rpﬁ'@édﬁﬂgima\mwhéheiheune ﬂnetbpoa@u@r&waﬁmmo aromatic

al kane. osi n. as,cl ai e i.m.and i udi ng
0. 1-10% byu@etfg‘hn?orbgiglaiﬁiz TReC oﬁgpaﬁf&&? ?'f%,lggﬁ ¥1j ’?1 of?le)nsmlzer
(in additiem bis 2~o-chloro-phenyl-4, 5—di(methoxypheny1)im1dazoly1 .

7. A composition as claimed in any

&

'preceding claim and including 0.1-10% by weight, based
15 on the weight of the resin, of a leuco dye.
8. A composition as claimed in Claim 7 _
in which the leuco dye is an alkyl amino-aromatic alkane.
_ 9. A composition as claimed in any preceding
claim and including 0.1-10% by weight, based on the
20 weight of the resin, of a photsensitizer (in addition
to the initiator). ' o
10. A composition as claimed in any
preceding claim wherein the polyamide ester resin is
the product of'esterifying pyromellitic dianhydride
25 with hydroxyethyl methacrylate agd reacting the.
resulting ester with oxydianiline; the polyfunctional
acrylate compound is trimethylol propane.polyethoxylate
trimethaérylate haVing.a.weight average molecular weight
of_about 500-1500; the photopolymerization initiator is
30 bis(2-o—chldropheny1-4,S—diphenylimidazolylj; and the
composition contains about 0.1%10% by weight, based
on the weight of the resin, of tris(diethylamino-o~tolyl)
methane, and about 0.1- 10% by weight based on the weight
of the resin, of tetramethyldiamino benzophenone
35 photosensitizer.

10% by wei ght, based 15 on-

.



“to the initiator). 10. A conp05|t|on as clained in any preceding claim
wherein the pol yani de gster. resin is the product of est MJ
pyroma'} litic dianhydride 25 with hydroxyet hyl net hacryl ﬂtlmuuuﬂ“nuu“ Ill
the. resulting ester with oxydianiline; the polyfunctional dcrylat'e *

conpound is trinethyl ol propane pol yet hek4+ate trinethacrylate having a
welght average nol ecul ar melght of about 500-1500; the photopol ynerization

oo T oot o o ok BQRREIM ook Sad) phemea i doag) ohe BT L1°
resin, of tnqiaimarﬁutnn9uwnﬁxeﬂql9h¢mp¢¢wnmi@ﬁdeabontie IhQOP@99uﬁ§|ght
based on the g eﬁfjf%rﬁrdheﬁiiférmw&?i&@ GQtHeH§998§98@§yC -

phot osensitizer almed 1n any one o

osition as ¢
1to9 mhereM@ﬁﬂﬁ?ﬁﬁﬂ%ﬁﬁn%ﬁ#e%ﬁ%ﬁgqg£t¥kﬁp¥®%%%§iﬁ$ %§F@?|W$th
pyrorflIIteﬂgﬂyuﬂ%%¥1ikbwwiﬁbfg&tfmuﬁﬁtwﬁnartﬂaﬁfyéaéelgndrgﬁeehyma1the
resulting ester w oxydi ani ' ctional _acr
trymet hyl ol ﬁﬁﬂﬁﬁﬂ?tqq%ﬂgﬁhﬁﬁ iﬁ%ﬁcﬁr ffﬁ@?ﬁ g?ip?ﬁﬁgﬁ%et¥Fgéf§yzfge’the
polynerlzat|¢Merpdlyﬁeriz&xinm(fhimiitorom@ehyéeE-G-cHIphepyenyidazakyl)
and the co ut I ght
of the re3|mr2%$"c§)1t‘H %@%{d@ a%g%#%@t%(lr’)a{ %‘\Eig?%%ngggﬁ%lggoépggw g0%
by wei ght, b&bédlﬂ%tﬂﬁaﬂﬁi%hﬁ cﬁaﬁ¢ﬁe¢@stME mcisbtreﬁeth9|aeahnnoof
behzophengre b‘i}l%t $1 Zff1nd-o- fb%?ied'f’oé&h&ﬂeaén&'&bﬂgg b” Giggm 1 and

substanti al |l erelnbefore descri in an% one of ore90|ng

speci fic Exa é%e.i% Arset QR i the weight ebathe Feshna BSI ynerized
~ polyimde stryetniunte{ByRIidenb tbéfzophenone photosensitizer.

12, A composition as claimed in Claim 1 and

substantially as hereinbefore described in any one of the
15 foregoing specific Examples.

13. An electrical device coated with a
polymerized polyimide structure layer resulting
from the composition of any preceding ‘claim.

' ~ 14. An electrical device as claimed in Claim
20 13 which is a capacitor, semioonductor, multilayer circuit
or an integrated circuit.

15. A radiation polymerizable composition
comprising a polyamide ester resin containing photo-
polymerizable groups, a solvent for the resin and an

25 aromatic bisimidazole photopolymerizable initiator.

16, A composition as claimed in Claim 15
wherein the resin has the structural formula defined
4in Claim 3 or Claim 4. | |

17. A composition as claimed in Claim 15 and

30‘substant1a11y as hereinbefore described in any one of the
foregoing Examples.

‘18, A method for the formation of a relief
structure on an-electrical device which method compriSes
applying to the substrate of the device a'solution of a

35 radiation-sensitive polyamide ester resin composition'



al
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vonpr|5|mg

1

: _ : - o i ' .
oﬁTFﬁe‘Canos%%Feﬂ~eL any preceding claim’ 14. An el ectri cal device as

which is a capagitor, sem conductor, mnultil ayer-
ed circuit. 15. A radiation polynerizable conposition
a p ester resin containing photo- polynerizable groups,

a solvent for the resin and an 25 aspgatic bi si m dazol e photopol ynerizabl e

initiator.

16. A conmposition as claimed in Caim215 wherein the resin has

t he structubwtﬂwumnda{xﬂﬁarnaﬂ1atibn&seﬁbrm1fhapniﬁamlde edtegnpesiini orr

clained in
one of the

Prtafnih EholitigR gLy GRadpsr RO ParraRIERAGR] oy

structure snmgiuﬂwannqlxmennaahie\nntyﬁme@hbqnebnperzéetapspwpﬁgnﬁo t he
substrate ghgt g 148VigGe f’l'o?@iﬁé %@im?d@éoié%ﬁét&ﬁoi?ﬁéb%&%1%' yam de

ester resin COﬂpOSItIOﬂ - contalnin (I a radi a

I ONn- senS|t|v§0
n

pol yani d& é§ﬂéﬂ%@9?n14ﬁﬁﬂQﬁrﬁhﬁ]?ﬂﬂﬂ?ﬁ%ﬁ&ﬂ%r|§§BP§1§3035§ copppsit

radi ati on-

t%e&&dmeeidﬂﬂﬁﬂﬁﬁugﬁﬂ&Epém%afyncaiegaiveﬁgyhateaea%eaund and

t t | t t1at th
Conpasi 1 SROTHI9S g th SHeAe cH® SEObLFLE P EAet b Bk eufhaebr kel ("

di ssol vi ng

auhbmﬁéﬁeyisxuﬁﬂtyﬁa fﬁ&h@aktngctMEeresultlng relief structure ¥

to form aheat resis ant, Rol 1 d STret preye 190, Acrpthadror the

conpri sag snpmptu;e(mnPansnnnntzdenbfdehthewhtehamemhpdscbmowi§95cla|ned

i n any one

ar eas there

]

afo g o 4 Hundkiod bPCLEOMRER ce! hOBOomBRRUSAGNY B | 21 NG

eterm ne |ng to the re structure desired by

'exposure ofclaimed in any one of Clsims 1 to 17, drying the composi-

15

20

25

30

35

tion, photopolymerizing areas thereof predetermined
according to the reliei structure de51red by exposure of
said areas to radiat1on, applying developer to said
device to remove unpolymerized material and baklng the
resultant rellef structure to form a heat—re51stant h
polyimide structure.

20. A method as claimed in Claim 18 or Claim 19
wherein drying is.effected by appllcatlon.of_heat for
from 20 minutes to 2 hours at a temperature of from
30°¢ to 100%. | | |

21. A method as claimed in any one of Claims
18 to 20 wherein eXDpfqre has a duration of from 1 to 60
seconds. _ } : :

22, A methqdeés claimed- in any one of Claims:
18-21 wherein said radiation is provided by a UV source
providing a-Surface intensity of from 0.5 to 60mw/cm2 and
wavelength in the range 250 to 400nm. '

- 23, A method as claimed in any one of Claims

iy

18-24 wherein the baking is effected at a temperature
of from 200°C to 400°C for 20 minutes to 4 hours.
24, A method as claimed in Claim 18 or Claim 19

.and substantially as hereinbefore described in any

one of the foregoing specific_Examples,



' ! ot ! ' .
15 said areas to radiation, applying devel oper to sai d_ device to renove
unpol ypert zed materi al , and .baki ng, the resultant relief—structure to formja
heat - resi st ant polvyi mde structure. 20. A nethod as cl 8
A ai mi19 20 wherein drying is effected by applicati on}mlm ll“l“m‘mm“l' 20
mnutes to 2 hours at a tenperature of fd@m [err] to [errf 24. ® A sret*hod as
~claimed in any one of Clainms 18 to.20 wherein exposure has a duration of

- fromA to 60 25 seconds. 22. - A nmethod as clainmed in any one of.C ains
18- 21 wherein said radbatidn eéepltv\icaéddlsyi&elﬂasumgca predMdiedi ng a surface

intensity of t ] vel.egg Q.tq 400nm 30
23. A net hodéggmégg??mgo{-ﬁégntﬁ%ggwg S(&J & b@t?@ %’ mg;&g'lﬁln%ﬁé’ 5K ing is
ef fected at a°‘?%n‘b%r§%ﬁi“ésoi f€8mPRerr] to [err] for 20 mnutes to 4 hours.
24. A method as clainmed in Gaim18 or Gaim19 and substantially as

her ei nbefore described in any 35 one of the foregoing specific Exanples.

+-16- 25. An electrical device having a relief structure forned thereon by
a nmethod as clained in any one of Qaims 18 to 24.

'
.
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~r




