;e3 (0<,6r,T,* 1 Description * 159159'" Dielectric having a
barr| er effe m,&mﬂ,ﬁ@mﬁ Iu]m pper di foSI on 5 The invention relates to

pol y- o- hydro rocess for their preparation, polybenzoxazol es and
a process for thegooom®r eparati on, an el ectroni c conponent which contains the
pol ybenzoxazol es as a dieIectric, 10 and a process for the production of
such el ectronic conponents. In order to avoid an inductive disturbance of
signals which is caused by capacitive coupling, conductor 15 tracks

adj acent to one another in mcrochips are insulate ot her by a
dielectric arrargggcpl%w t he conductor tracks. dmﬂ@%ﬁ m@ ch are to be
used as a dielectric st neet various requirenents s| gnal
transit tinme in mcrochips depends 20 both on the mat er'&%*of the conduct or
track and on theydiglectidc uhi£hgi Saar baRgad ety hea%mdéet Okobbasks.
The I ower the dielectric constant of the dielectric, the shorter too 'S
the signal transi¥ff4s#on The silica-based dielectrics used to date have a
25 dielectrig constant of about 4. These materials are gradual |y being

repl aced by organic di.el ectrics whi¢ch have a substanti | ower, di el ectric
constant. The di®t%®ct F¢eE ﬁgf‘antr%fa'fﬁﬁse Gtht ePPals© |g %ﬁé?’ﬁ‘f“ilfﬁeﬁel ov? 3.
30 In the m crogrqs=ssistomrphair ppeseatratioa, ccptdluzbmzd:xazdxkesraﬁ'@adal y
consi st of alum r Si easin tio e of
the nenory chi psé]#?rgteérbge%lgpatgﬁo% r\egé{]%égélébe?na%l@%n aié g%rg?‘?%% ¢
mat eri al, owi ng wluiéh s chomering! ethei gz lyksnzstemzel ¢a @mpar |C§mtlewtt.hlc

al um num perypergit er. g t %51&1'5 i n nc i on
in 2 theq%nducrggrgtr%xeig%%ssf%lec??%n b n c%%%?lgtsa??ogtlﬁg t%lc n‘%%%ggé
customary to datRmRN&fith the dielectric is filled into the trenches

bet ween the conductor tracks, in the copper damescene technique the 5
dielectric is first séructured. e resulting tre ches ar e f|rst filled

wi th copper and ¥hef*8%tes® & H’éﬁ’r’aﬁﬁ 7 | § YFBERARGRaPt THgnals

di el ectric nust mtmaﬂef e beassadl ebyo chearditdrieal &dlﬁﬂd.rfgt),l‘ grémitidgoand

must have ff| en adhe 10 t tr ord ta 10

becom ng d ache jnaec%échag:gca %I’I n%i‘%ng process mlfur(tcﬁ’e?prrsgrear? he

dielectrics rrustlr&hs]@ﬂmi/efsoﬁtf i chentanoietithy i m t&eebetbSquerﬁrltﬁTMS

steps in which fiy Oetﬁge&ceértbfaerk [ 0BBBS.AKe REQUCSe R A4 S
or t

pur pose, they rrust exa , sufficre thermal stability and
must not underg&%ﬁﬂ:oﬁﬁosﬁtﬂeﬁléﬁéﬁ'lﬁ PespeMaal e¥as5iowdr & eHb ANPL:S -

Moreover, the dighgetrices nysgnie sttlaé}teltotﬁmeaa CRERE 68h Sps S Wb asds

sol vents, trlp er bases, acids or a Siv ases. Further rrents
are 20 good %ol qit {3P ahke e EPFiate ™ stﬁeq C‘F? ‘écB‘PrthEaﬁt‘eéﬁfjsgt’s 1%

whi ch the di el ecdirdletariee prwhimied id n axreigdd Beetsepdrabltheas cmrditeiten:t r| c
for m crochips, vVer, t t of du tor 25
tracks does not ed}af# use |’M”fé npﬁ&s%nel Iefcl ri ggg\%gﬁkg c ctbt]‘t%t%%t err;c)befat%? e.
The production ¥ afiegtasid.ps thenpehesserhe produdts otht agegnahi dirandige a

thermal |oad of wipd 0 'ﬂl@@csﬂléhgﬁﬁéedsw%l%trfﬂs P! €0 @%tde have a
deposition, copper annealing or tungsten deposition fromthe gas phase.

I n order t85av0|dde&|qq‘ttfsllconc8¥15ttﬁé‘trref’gl "#Pft‘btt e dFBEEst rmeteal%t»r.aéqe is

provi ded bet weeryrid®i=A0ty | be g fﬁﬂ]aceﬁlcbybaj’zl‘gaﬂﬁc Cﬁﬂéﬂ.ébtrﬁ.aé exatmte
of titanium n|tr|de s|I|c

can ide or tantal um ni
The 35 barrier a’(,ats néj tﬁg agnglaggg dlllgwggtr ﬂ%?tﬁéca c@%%l %rb%dug}b
However, it requirededpbce sonstantceptfai nhtaageermahenkatbss o8 teemezalrliver

is required in gjfek, 3.

30
In the microchips customary at present, the conductor
tracks preferably consist of aluminum, AlCu or AlCuSi.
With increasing integration density of the memory
chips, there is a changeover to copper as conductor
35 track material, owing to its lower electrical

resistance in comparison with aluminum. Copper permits
shorter signal transit times and hence a reduction in



3 effectively to suppress diffusion of the netal into the dielectric. Wth
i ncreasi'ng integration density, i.e. decreasing width of the conductor
tracks, the proportion of space which is occupied by the barrier 5

i ncreases substantially relative to the width of the conductor track. In
the case of a conductor track width of 100 nmor |ess, the barrier may
optionally occupy up to 10% of the availablee width. Further mniaturization
of the sem conductor conponents is therefof% made nore 10 difficult. For
further mniaturization of the mcrochips, the width of the barrier nust

therefore be fUuphBeloiRENGRA Ofr JOR! RIKILT 80t Y; SR drhardd flrsoutd hge

conpl etely di spensed wth. 15 Pol ybenzoxazol es (PBGs) are pol yners which
have very hi gh Reghnigypst HHELOMHY stiBstdaices afe Willicadyhas&d edecteie

production of pigtegtiygdandntasutabi Nnerkavaes | Befl@edChitP® conductor
Pol ybenzoxazol es can be prepared by cyclization of on-o-hxdnoxyanldes.

The pol y-o0 20 h{8R6%Fam deR hai® gotPRRE%bI IFARRIGERS: garki Tpht s tARd
good film fernmafienepeeper tiisestiddeyseaacharagp! it t peshBeEifi§Nit&enches

conponents in a_sinpl.e na r, by neans of the _spjin-coating technigue. .In a
Uhermal treat moRES] AHTCCH THE DO YED. ATHP SRy BREHE: CSATTSEdCPBEGF VSt he
25 pol ybenzoxazmeehanipalyyegroandh awsy t HEhaledi e becpr dpemtises therelfibaiened.
Pol ybenzoxazol eg.c 0 C dj4r i hej.r: cy.cl |z f In
this case, homelégr%rEta?el%’e_ g(?eefég gédft%(}eﬂdllfﬁ %%?t?gg %I{%nct%&%led s%?(abl |g]tty of
t he pol ymer. Buhfuengufifdckientoradoepbpn- ¢ohydroxpuhbdestar drdetedebedo for

exanpl e, i NoDE 20Q; 41 il@minl tde¥adimsdl ahr@RgMLRS | b Shah AOL S ghhh%
tenperatures are disclosed, for exanple, in Sg WO 97/10193, WO 1/0908% and
WO 91/ 09087 andPEPC2SS66F MR Pnowa, 6781 | HiPRECERIESofMEifes @ 1t eRRYPs,

however, a barrggfefiHsbnbespaByilded hef waeh aassbigi®it prdcésacktapd in
dielectric in orger to avoi.d di ffusion of the Eeta%hinto,the ielectric at
8 the*Tnv

hi gh tenperat ur883°Rt i F % HSRf o FE™ R Tt TGS Y 5or o e a
5 pol ymer whi chpredstall e &brhi githisenpeuaboses f aheyse mustm chaedj psfowhi ch

| it dugt i [ . ' ' hi Th
b 2ot i & ki ochapbe” ShePhoRlar NEhEART CLERRLIESS LAY fhEEY B3: o
R p~CY:..C~~undergpydecompgsiHiony egen--gi temnpgyapres\~o D-moreRribeA |

15 in which: YZzposcrl Mofd&e&d) achéd /aid10cdndnsd W2 eg%%@@seto

i ndependently of one another, have the sanme neaning as Yz, and are

process chemicals, such as solvents, strippers, bases,

acids or aggressive gases. Further requirements are
20 good solubility and a sufficient shelf-life of the

precursors from which the dielectrics are produced.

In order to be suitable as a dielectric for microchips,
it is very important that the metal of the conductor
25 tracks does not diffuse into the dielectric even at
elevated temperature. The production of microchips
comprises the production stages which cause a thermal
load of up to 400°C or higher, such as, for example,
oxide deposition, copper annealing or tungsten
30 deposition from the gas phase. In order to avoid
diffusion of the metal into the dielectric, a barrier
is provided between dielectric and metal. Such barriers
consist, for example, of titanium nitride, silicon
nitride, silicon carbide or tantalum nitride. The
35 barrier acts neither as a good dielectric nor as a good
conductor. However, it requires space since a certain
layer thickness of the barrier is required in order
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effectively to suppress diffusion of the metal into the
dielectric. With increasing integration density, 1i.e.
decreasing width of the conductor tracks, the
proportion of space which is occupied by the barrier
increases substantially relative to the width of the
conductor track. In the case of a conductor track width
of 100 nm or less, the barrier may optionally occupy up
to 10% of the available width. Further miniaturization
of the semiconductor components is therefore made more
difficult. For further miniaturization of the
microchips, the width of the barrier must therefore be
further reduced or most preferably said barrier should
be completely dispensed with.

Polybenzoxazoles (PBOs) are polymers which have very
high heat resistance. The substances are already used
for the production of protective and insulating layers
in microchips. Polybenzoxazoles can be prepared by
cyclization of poly-o-hydroxyamides. The poly-o-
hydroxyamides have good solubility in organic solvents
and good film formation properties. They can be applied
to electronic components in a simple manner by means of
the spin-coating technique. In a thermal treatment in
which the poly-o-hydroxyamide is cyclized to give the
polybenzoxazole, a polymer which has the desired
properties is obtained. Polybenzoxazoles can also be
processed directly in their cyclized form. In this
case, however, there are as a rule difficulties with
the solubility of the polymer. Building blocks for
poly-o-hydroxyamides are described, for example, in
DE 100 11 608.

Further insulation materials stable at high
temperatures are disclosed, for example, in
WO 97/10193, WO 91/09081 and WO 91/09087 and EP 23 662
and EP 264 678. In the case of these materials,
however, a barrier must be provided between conductor
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track and dielectric in order to avoid diffusion of the

metal into the dielectric at high temperatures.

It is therefore an object of the invention to provide a
5 polymer which is stable at high temperatures for use in
microchips, which polymer permits the production of

finer conductor tracks in microchips.

The object is achieved by a poly-o-hydroxyamide of the
10 formula I

ﬁ ﬁ ?\ | ? ox Iol y !/ o
2 2 oyl S I
A——f—c—x—c—),—(—ﬁ—z: —c—y é—-);—{-—g-—ii:g—c e o B
FORMULA I
15
in which:
Y? is
\ {
*‘@0 e B °‘©‘%‘*
20

v' and Y®, in each case independently of one another,

have the same meaning as Y?, and are
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12 5 10 15 20 25 30 *--H *--~--CG-~Ci3 H2 \ [/ *---~-- CF-~-CF3 * "H2 RSis
an alkyl, an aryl or a heteroaryl radical; a isOor 1;b isl- 200;c is0O- 200;
d isOor 1;a isO- 10;f isO- 10;g isO- 10;h is1l- 10;n isOor 1; x being 0 - 10
if R3is -CHzZ- . The pol y-o-hydroxyam des of the forrmula | dissolve in nmany
organi c solvents, such as, for exanple, aqgtone, cyclohexanone, diethylene
- glycol nmono- or diethyl ether, N nethylpyrrolidone, y-butyrol actone, ethyl

| actate, nethoxypropyl acetate, tetrahydrofuran or ethyl acetate . They can
be applied to a substrate very readily in a uniformfilmby spin-coating,
sprayi ng or dipping_techni ques. The eyaporation of the, sol vent

honogeneous film whidh has a &m 8H, t hi cknessT—coipt¢
bei ng achi eved even in trenches andzcont act holes with abgi gh §
The pol y-o-hydroxyam des of the fornmula | can be cyclized by heating to
gi ve the correspondi ng polybenzoxazoles no bubfl e formation or cracking

bei ng observed. Even &t rocess tenperatur s of ,400C . .or f&=gher, no or
at least only very*l'" TI é 13 msf@-l-df—r—émm @ or tracks
into adj acent regions of the electrlc is observed. Th& -arﬁ usual |y _

arranged between conductor track and dielectric can therefore ei t hér be
made very thin or even conpletely 5 dispensed with. The repeating units
characterized in the formula | by the indices b and c can, if cis > 0, be
randonm y di strRButsed-H,n t¢Ey,pclOHYer-SH r afCOOHOWEN ER) 5i, t ahs adkyd baoumassi bl e

Lgpg[sg:;?z;P?oﬁpLo ?h§¥g5§3%%2?%%€?fﬁkgﬁ'gﬁiﬁ&% arebgongggd in each case

only of oné of the repeating units denoted by the indices b and c. The
chain length of the poly-o-hydroxyam des of the jesyula 15 | can be
control l ed by the—8=f®hi orret*r-i-%=cazti 0S ofCtEhe @ ng n,at.gucal@c@@d t he
reaction conditions, for exanpl® the reaction teNpdfature, diButdon or rate
of addition of the individual conponents. However, the polynmer does of
course have a nol ecul g weight 20 distribution, i.e. in each case m xtures
of polymers having a ghfferent QP_Ecular melght and hence dbffq{ent val ues
for the indices a, b nd d e present. @n 4 he preparéE

pol y- o- hydroxyam of "t he f,,ox,i‘ful a\ t he LE&&CU‘E{P is pref rabéL r—?”' ed
out in such a may 25 that a narrOM/anecuIar Wwei ght? di str'ib thﬂilé

achi eved. The maxi mum of the nol ecul ar weight distribution is established
- so that it lies within the ranges characterized by the indices a to d.

Wthin the nol ecul ar melght dlstr|EUt|0n<3pr§ferably at | east 90~ 30 of the

pol ymers are withi% |n1ts spelehfi ed Jicesaq to d.
nmol ecul ar wei ght of,"-‘ bl yQoh am—ehes @ or mule—d=¢ aR(
det erm ned by cusSt®nary -thod% for exampl e el rneak{on chrOur ogr aphy.
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35 The substitution pattern of the groups Z1, Zz and Z3 is chosen so that
in each case a pair fornmed froman -NH 14 group and an ORl group are
arranged in the ortho position to one another. This is necessary in order
to permt cyclization to an oxazole ring in the cyclization of the

pol y- o- hydroxyam des of the fornula 5 I.y;The poly-o-hydroxyam des of the
formula | may carry a termnal group A which, after the polynerization, is
introduced into the polymer as a term nal group via a correspondi ng
activated conpound. Suitable compounds axe, for exanple, acid chlorides,

al kyl halides or 10 al cohols. The Rrecursor required for introduction of
the termnal group A is cHpsen acdbrdlng to the group which the polyner
carries as a tenmsdaal gL afte;r:_ ,e pQlygxef i zatigan, |f{Jshe index.a - O or
the index d = 1, the terminal group A is bonded to &n NH gf oup. ARL
suitabl e activated precursor is then, for exanple, an acid chloride. If the
index a - 1 or the jyndex d - 0, the termnal group A is bonded to,a CO
group. Suitable reébents for introducing the termnal group A ar “then, for
exanpl e, hali des*—-ﬂ:r:eim-hol S Or ,&p=Res, 20 If , is an.alkyl group,
this preferably conprisses 1 to 10 carbon atoms'. The %l kyl grouplgay be

| i near or branched. §uitab|e groups are, for exanple, a nethyl gfoup, an

et hyl group, a propyl group or an 25 isopropyl group. If R2 is an aryl
group, this preferabl grgonprises % to 20 car%@n at ons, ihsals $ bei ng

possi ble for the arongi_c system to be subgtl ed by al % gioups.
Exanpl es of suitabl & roups are %é pheryT ﬁéd% *t he fre Q?p bﬁyl group or
t he naphthyl group. I€F30 R2 is %.heteroaryIRgroup, thlstrefErany
conprises 4 to 20 carbon atons and 1 to 4 hetero atons. Suitable hetero
atons are, for exanple, Qltrogen oxygen or sulfur . 35 1f R5 is an alkyl
group, this may be,linedt\ of, branched and preferably conprises 1 to 10

carbon atons. If ﬁSl .-S%ryl gr this prs 3 conprlse o 20
car bon 15 at onrr?l Mt | c«s@mpr efef RO f.o+ @
6- menbered rings. Ff |s a hete yl grou ' oreferably pri ses 4

to 10 carbon atons and 1 to 4 hetero atons. Here too, suitable hetero atons
are 5 nitrogen, oxygen or sulfur. The filmaquality of the film produced
with the poly-ohydroxyam de«of the formulacl isinfluenceq, inter gJia, by

the chain length of t ymer. P arly ef er atﬂ Y, N\
pol y- o- hydr oxya#i e formd S ac Si/tvjl 0N % SHEHK @) tafe i ndex
b assunes val ues bet 5 and 50 a he i ndex~§*al ues bet\e 0 and 50.

In a particular enbodi rent, the index c assunmes values in the range froml1l
to 50. In a preferpred 15 enbodlnent t he poly-o- hydroxyanlde of the fornula
| conprises ether O R =
el ement Y2 assWTES yartee Zie 3 i he
pol y- 020 hydroxya.'d ' the forl ag) i y Fof | ess
than 3. If the dlelectrlc constant is to be eveh further reduced,” pores are
provided in the pol ybenzoxazol e. For this purpose, the poly- ohydroxyanlde
of the formula | may conprise further 25 repeating units which are
thermally labile and |iberate a gas thh deconp éﬁtlon on heatingyp The gas
can diffuse out of $the/ss ybeyE®xazof @ so that a é- i d i

pol ybenzoxazol e. « @ ' ‘

» y
provided as a bl ocksd n poﬁ. 0- hyﬂ#oxyanlde ty an be™3a h|ev@d for
exanpl e, by first préparing oligomers *from t he thermally labile repeétlng
units and then reacting these with the poly-o0-hydroxyam de of the 35
formula |.gHowever, it is also possible first to prepare a
pol y- o- hydroxyay de of the formula | by polynerization and then to graft
the thernal |y Rabid e



16 repeating units onto said poly-o-hydroxyam de in a further

pol yneri zation reaction. The deconposition tenperature of the thermally

| abi | e repeating units should be chosen so that it is below the glass 5
transition tenperature of the poly-o-hydroxyam de of the formula I.

Sui tabl e repeating units by which the pon1 - hydroxyam de of the formula |
can be supplenented in order to obtain a thernmally |abile copolyner are
derived, for exanple, from pol ypropyl ene 10 oxi de, polynethyl nethacrylate
and al i phatic pol ycarbonates, such as, for exanple, polypropyl ene carbonate

and pol yet hyl ene carbonateyg In add.i_g.i.gnj_o.cgai dt) el | %gi | e repeating
units, other repeating units nmay al SoHp Usel if théy eFifi nate a gaseous
15 product on heating. The proportion of the thermally | abile repeating

units in the copolynmer is preferahly chosen to be between 5 and 60% by

wei ght of the copol yner. Such_cg ynmers are describea;\for exanple, in US
5,776,990. 20 Pore formation™caN o be achi evet o@ ng to the

pol y- o- hydr oxyam de of the formua | a suitabl e pérofgerf which deconposes on
heati ng, gaseous products being |liberated. Suitable porogens are, for
exanple, citric 25 acid, malic acid or malonic acid. As already nentioned,
t he pol ybenzox l.es obtai.ned fromthe pol y-o0-hydroxyam des of the formula
| by cyclizati %ﬁoﬁﬁ\/é%d\aﬂﬁagéﬁ%s‘aﬁ% ﬁgﬁt%/é%?t%?%a@ﬂﬁe%?%@i)’ of the

pol ybenzoxazol e prepared fromthe poly-ohydroxyam de of the fornula | to
surfaces r%<a/ t 1 ¢y ochi p technol ogy, such as silicon, silicon
carbide, silicon carborittide, silicon nitride, silica, titanium tantalum
titaniumnitride,igantal2@@nitride 35 or silicon oxynitride, is very good.
Furthermore, the jpolybenyoxazol es have high resistance to chenicals as used
in the production of microchips, such as solvents, 17 strippers, bases,
aci ds or aggressidv®e Qazesl: The pol ymer naterials are therefore very
suitable for mgrigelect roni ¢ applications. In addition, the materials are
al so outstﬁpdiﬁgly S itg@ie for the 5 copper danmascene techni que. During

t he coppeﬁ'gri Fﬁb(gfb ‘s, no di sadvant ageous effects occur, such as

del am nati on, @ aickig- axr0pubble formati on. The pol ybenzoxazol es accordi ng
to the inventi ﬁ¥rppj$£§gly inhibit the diffusion in the dielectric. 10
In addition to tHe €electri‘cal insulation function, they can therefore al so
be used as a dirf figsi®rohakrier for copper. It is therefore possible to

di spense with a barrier between dielectric and conductor track, or said
barrier can be made substantially thinner. As a result 15 of the smaller
anount of 1Space RAF &, - tHi st HeR niltss &A2increase in the integration
density. If the barrier can be conpletely dispensed with, the use of the
pol ybenzoxazol according tq the inventiqg urthernore resul.ts in a,
reduction in t epr%ﬁi]%f?%]ﬂygﬁgf(gaﬁ‘f'g’?ﬁe Er &W‘b’slasi%cgltsﬁ8igﬁer}'r¥ or
t he producti onm@Enyt herpanicersalsregris,t esuchhaspol feo- krdmpipamadesaie t he
formula | are bi sz0-am en d di boxyli c aci or
their 25 deri vg'ri viﬁ%ﬁ%'nveﬁ??o%@%ﬁgef ?rlz’cgcﬂsodlbcgﬁqét esg%o éﬁ(p:)éro elss

for the prépar &GheT of Poimetunpiosgbiters, of THamerahdctaneat |e&dwtl one

monomer of the arade) | | nbehoRyprb 1 0Ra s Ml Bekbahgaibiahag | o221,

Z2 or Z3, and Z1, z2, Z3 and Rl have th?)abovenﬁntloned nmeani ng,
ethyl acetate. They can

e applied to a substrate very
readily in a uniform film by spin-coating, spraying or
dipping techniques. The evaporation of the solvent

25 gives a homogeneous film which has a wuniform layer
thickness, complete £filling being achieved even in
trenches and contact holes with a high aspect ratio.
The poly-o-hydroxyamides of the formula I can be
cyclized by heating to give the corresponding

30 polybenzoxazoles, no bubble formation or cracking being
observed. Even at high process temperatures of 400°C or
higher, no or at 1least only very 1little diffusion of



18 being reacted with at | east one activated dicarboxylic fornmula Il 5 D
Formul a*one di carboxylic acid or acid derivative of the O h Il 10 in which
L is a hydroxyl group or an activating group and Y i s Y1, Y2 or Y3, and
Y1, Yz and Y3 have the abovenenti oned neani ng. For exanple, acid chlorides
or activated esters, for 15 exanple sulfonic esters, can be used as an
activating group for the dicarboxylic acidiyerivatives of the fornula Il
The reaction of the nononmers of the fornmula Il and the dicarboxylic acids
of the formula Il can, however, also be effected in the presence of a 20

conpound whi ch r@&&ayatﬁémt haydli £8RBQXYLLC A% dhs SUEROABA; faler@X aPRY fons
car bonyl di i m dazol e or di,cycl ohexyl carbodiimde. In principle, all reagents

whi ch bi nd t he at &M o schrdfe A€acPPSRTVE: he%@l v]é%rﬁ%‘érsu‘i‘%%}%y For
the preparati orp®farided inetmae%b (o (e 05} wgi d%&a@:ﬁ( t hadf ol actrithecan
nononers of the fornmula Il a,g |b(e;a]1rbo%%/llc aC| or optlonall%_n%ﬂe

di carboxyl i c aciRPTRFIRAL PYERSES mirc&Yl Itt Jé?eOFeﬁé’legd G tE)*T'Jg?étnl c
sol vent at gromisiferiged 5@ ERN the course of from5 to 20 hours.

required, termnal 30 groups of the polyner can be bl ocked by rreans of a

suitabl e reagent in order thus to introduce the term nal groups A Suitable
reagents have all'h@adypbeehndem:jtlsedclilmradmeekpednaw arhef fohmutamiouod of

the Tormila | e Bakxcashyel axyerdenl the Tormd ol @5 wdl efhddod sy med

after the reactlon IS precipitated ropwi Se addit’ion of t

reaction sol ut |Cb1rﬁtt1’bﬂ§1‘iﬁcécl-lbl thei Ry lagen  stvianed Hadvevereditsdis ablwo

preci pi tatjig auedipRrd e vt raith-al ool 0 Wﬁﬁdf&%ﬁﬂwolof butyanol
or et hanol . Mxtures of these_ 5 preci gltatl ng agent's may al so be used. The

preci pitating agumteifayl by tBbPG*arfsB }Bﬂﬁﬁ-ﬁaltﬁﬁﬁh 21§ FEFE i a.
After filtrati Ctlh@nﬁoﬂj’(méﬂg,aﬁeheccﬁrﬁﬁ@d;@ﬁt ahedeaaﬂh yaBeEeCmInE 6f I ogilkl yof

furth d and, f di [ f th I t

rent i oned furt RIS SORAECT LTS cAPPeRcRony S8 aBHaseroP SEs arte The
pol ymeri zati on dha igi vieenqumtly - @ hyheopyémdehgﬁrbbrgaﬁudeal afl tden ﬂ:o:ecm:_a]ral ed
out in th SENGs e %Qrg?‘éfoﬂﬁea“ grgﬁé Eg, %Hoﬂm%'t‘}l *}%rt%to%d-ofs%ﬁé‘b' €

basi ¢ aci g' accept ors are

di azabi cycl ooct%@n%omﬂ%}ﬁdﬁl éi’lﬁe thl@me&?@ac‘:i-?nl scw%btm% blfo%t o

use other basi GamglACERA Yethc I OLEASe VAL G AT @ﬂl%%‘i'oh—ﬁ/ el vhke ide the
sol vent used 20 r the synthesis, such_as, for exa

Nmet hyl pyrrol i Ligh ©F tﬁ@epré’aéb’t’%g&l?ﬂg %@@ﬂ?uggB? X Ehat éli%r
wat er / al cohol rp'othrrea_s Gvet hosE Whielhrese Gerpl etael ymbheelhlhke iweidhe:

sol vent, ch far_exanpl e, crosslinked pol yviny ridine ar 25
parti cul a?l pr etrrrl«?dle“'lqﬁg a8 aclt:r«lgpfeﬁllggl cai~th "%g’reg‘ad?f'y éﬁ'ﬂeﬁsed
from the resul Hawinmla - @t@ﬁ&my‘arm@beoﬁl@neWEQth and demiceg difderent
wor ki ng-up of Je%a%zort Te§0 2 Papt i gubapl rogl_yt Y e rslargnt spf or

the polyner synthesis are%%} actone, tetrahy uran,
Nnet hyl pyrrol i ddife RFRPT et Pl Qéet Yd‘é"h%?@fama?ﬁﬁ sof vERe ifoEIlch t he

starting conpongntghedrfed&dibd YiSoppbt€reBlyi BapiiBal phe ba Wset a3wakhe
i nvention fu:)]t gg_xrag[;gre relates to adrireoc%elsasrfor t.h tpre(E)aratl on,_ of the

pol ybenzo)géz sc?i belzflrlf)%"fy- gl weig stribution
achieved. The maximum of the molecular welght

distribution is established so that it lies within the
ranges characterized by the indices a to d. Within the
molecular weight distribution, preferably at least 90%

30 of the polymers are within the limits specified by the
indices a to d. The molecular weight of the poly-o-
hydroxyamides of the formula I can be determined by
customary methods, for example gel permeation
chromatography.

" 35

The substitution pattern of the groups Z!, 2% and 2z} is
chosen so that in each case a pair formed from an -NH



20 hydroxyam des of the fornmula I being heated. Heating results in the
formation of an oxazole ring with elimnation of a small nolecule, in
general water, the pol ybenzoxazol es according to the invention being 5

obt ai ned. The nechani smtaking place during the cyclization of the

pol y- o- hydr oxyam des of the fornmula | to pol ybenzoxazoles is shown
schematically below HN-—~~ ---". ~ ~C®~ OFi ~-Had ,~ '~ 0 10 On
heati ng, the o-hydroxyam de undergoes cyclization to give the oxazol e,

wat er being liberated. The pol ybgnzoxazol e prepared by the process

accordi ng 15 t o9¥PEP| ndRAt i R a IOWRIi et Areag@iest adn othr <orghg and
adheres very webbsi@ibhetsulonal @hmdhdyanthior ighinedeachingl ogy, os86h 88
silicon, silicon carbide, silicon carbonitride, silicon nitride, silica,
titanium tant aPSFFE t S UMFATYTHe, Tant #Pum PRREPYUR 20F 119 si Kiconthe
oxynitride. Thecyovepatoont ber efiy epol goorRli-atesyhnidaselozct tigni eogppanent

whi ch contains fhe_pol ybenzoxazaol e described above. _The pol ybenzoxazol e can
be arrangegrl? fo '2gggx§ﬁ§'lye“,°- BEETTS cogeg%eﬁoﬁwgﬁctﬁrm?¥aﬁﬁ§r¥5r
conductor trackapktamminael axocapbu fehithyenflietwadte el wode zaamibm, hdgsi ng
surroundi ng thi | el ri C i to the_Lnvention_are 30.
out st andi ngl y s%?%%gﬁgg%§r§§%8 g%lpegeﬁgég’l“négcgﬁe eE ﬁ‘.“%ﬁ%.i ﬁfroluﬁ)g e @
grindi ng processornespPsdinant agevvatefif ecompoundr, Suthahiedetampoandsn,

cracking or bubblg, T OfSR! ifhnp1 21 Thad MeeRARIET 2h9te ahaosbelalgs Lo

a process for the production of an el ectronic, conponent, ution of the
pol y- o- hydkdxy st @ehetst hdioor RERSUFSOF aregriEatd fient ipéregustépar e@f The
solution is appthedtark@nalsupdumte ard dHEs &0 ¥8BbrasngV apor@atedgseup hat
afilmis obtained.. The filmis then heated in order to cyclize_the

pol y- o- hydr oxya 'H‘éhaﬁﬁetBOE%W%r FAFEiet &% fe OIS RAL o3 2 BFeT nEhe
formula I'll. Theolyherisathen.sCEucher dchdax of der 0t orolthal nndlaxesdi st 1,
structure 10 whj renches d/ qr nt | es co ci.i

material, for e;%%p:%es%%lprb%?, %lrso e%‘ d(ei%os?&elaggn % e%lrnes@g[tJ éltriéﬁgt'ur% SO
that trenches aswivrblentattivaskeds precirsoediw ttherhe €ondsstempd enatari al .

Final |y, excessaenadugibyeqlnt 9%l alnd i5gERved= 070 £XRAB! Enlikxly cheg) cal
mechani cal planarization (CW). For exanple, Lithographic nmethods can_ be
used for structth®nEe¥TRENPS| gEENPo a ot OPRERY R &t &R rEWR antuhedR1®ei ng

produced on therdademtdheost [ HEXHEACOhgt RB2Q draEinals ghRib tA asé efred, t o
the filmfromthe pol ybenzoxazpl e accor di g to the invention by etching.
The conductive e?’F%Wﬁ%egh?ﬁl‘g?%f e?itBPB ¢8pPEr 2™ARBSrri er can be

provi ded 2 ween dielectric and conductive nmaterial. For exanple, the

material s al reagy %%ge&%%ggedai ugther  abome Aar %r%‘(%;t ablLg.as erial,for

the barrier. The mcroc s then co%r%l et'ed Tn~ a cdstonmary nner-.
i nvention furteem@rese| it 69 1 £arhresstens . t Bre3elpyvdd@aoum sy dpe

el ect_roni C CONMPP{ie&d x @rSEl:Hﬁi:HEde s@_il%@.holeo'g*% e deedyf dhandns il a |
descri bed above Ir‘&? solvent first é)ﬁ,‘l

ggggtrrf)elfare . The splution is then
applied to a sUBRStM4t e SHAEH aPPeady™has Ris SurPEeRY met@HA9Re Sfr it ures
bet ween Wiish tiemshesyhrerdop arIfngedis SuchastY ugtoues thes fosf exsnpy e,
conductor tracks. The sol vent i,5 evaporat gs t hat _the trenche [ illed
W h the. pol y- CHRR St dECoP R Far s o, 18 o138 Wi Podl ot
for the aromatic system to be substituted by alkyl
groups. Examples of suitable groups are the phenyl
group, the methylphenyl group or the naphthyl group. If
30 R? is a heteroaryl group, this preferably comprises 4 to
20 carbon atoms and 1 to 4 hetero atoms. Suiltable
hetero atoms are, for example, nitrogen, oxygen or

sulfur.

35 If R® is an alkyl group, this may be linear or branched
and preferably comprises 1 to 10 carbon atoms. If R® is
an aryl group, this preferably comprises 6 to 20 carbon



22 1. Lastly, the substrate is heated in order to cyclize the

pol y- o- hydr oxyam de of the formula | to the pol ybenzoxazole. The m crochip
is then conpleted in a customary nmanner. 5 The adhesion of the

pol y- o- hydroxyam des of the fornula | to surfaces relevant in

m croel ectronics, such as, for exanple, silicon, silica, silicon nitride,
tantalumnitride, glass or quartz, can be jyproved by addi ng 10 adhesion
pronoters. The invention is explained in nore detail on the basis of
exanples and with reference to the attached figures. There, 15 Fig. 1 shows

a schematic Vi eyteinst,heth@shrophbl of My sedRr BirRifRea1e dbelast Ebemeangant ;
Fig. 2 shows a shadoyw mask as used les 28 to 20 33 for the

production of elf& £ Cﬁéﬂ?ﬁalsiﬁsgéé sd&ri RESRERBFYL 2group, this
a,o 9I-bi1 s(~ 4{(2 )3(, Epﬁre?e%agrl@m;@@hfég%YMpfg‘wa ldirssre dbbmenanapheneb 1) \ -~
2, 2- bi s(3-am no-%z?:cﬁf(?r oﬁ%‘ﬁ’ﬂ?ﬂyl I)azﬁé?af 598 0 p SR YD NFHSTSHhETAmS) 3R C
F3 _ H4 ~ ~5~ [/ ndtfrogelr3 ox¥gen diramuictud; 4' - di hydr oxybi phenyl 3) -
(bi sam nophenol H2ZN _ H2 HO\ r \ ~ OH
The film quality of the film produced with the poly-o-
hydroxyamide of the formula I is influenced, inter
alia, by the chain length of the polymer. Particularly
10 preferably, the poly-o-hydroxyamide of the formula I
has a composition such that the index b assumes values
between 5 and 50 and the index ¢ values between 0 and
50. In a particular embodiment, the index ¢ assumes
values in the range from 1 to 50. In a preferred
15 embodiment, the poly-o-hydroxyamide of the formula I
comprises ether bridges. In this case, the index n in
the structural element Y? assumes the value 2.

The polybenzoxazoles produced from the poly-o-

20 hydroxyamide of the formula I have a dielectric
constant of less than 3. If the dielectric constant is
to be even further reduced, pores are provided in the
polybenzoxazole. For this purpose, the poly-o-
hydroxyamide of the formula I may comprise further

25 repeating units which are thermally labile and liberate
a gas with decomposition on heating. The gas can
diffuse out of the polybenzoxazole so that a cavity is
formed in the polybenzoxazole.

30 The thermally labile repeating unit is preferably
provided as a block in the poly-o-hydroxyamide. This
can be achieved, for example, by £first preparing
oligomers from the thermally labile repeating units and
then reacting these with the poly-o-hydroxyamide of the

35 formula I. However, it is also possible first to
prepare a poly-o-hydroxyamide of the formula I by
polymerization and then to graft the thermally labile



10 2, 2- bi s(3-am no- 4- hydr oxyphenyl) (bi sam nophenol 4) ~2 xo0 ~ ~ S ~~\ /
of f H2ZN 15 20 Di carboxylic acid chlorides: sulfone

9, 9- bi s(4- (4-chl orocar bonyl ) phenoxy) phenyl f | uor ene di carboxylic acid
‘chloride 1 cl 01 24 5

4, 4" -di (4- (chl orocarbonyl ) phenoxy)tetraphenyl met hane di carboxylic acid
chloride 2 C C~ 1 2,2'-di (4-(chl orocarbonyjd phenoxy)-1, 1' - bi napht hyl

di carboxylic acid chloride 3 a ~C D 10
2,7-di-tert-butyl - pyrene-4, 9-di carboxylic acid chloride - (dicarboxylic
acid chloride 4yepbatif Glni€sllofilto said poly-o-hydroxyamide in a

further polymerization reaction. The decomposition
temperature of the thermally 1labile repeating units
should be chosen so that it 1is below the glass
5 transition temperature of the poly-o-hydroxyamide of
the formula I. Suitable repeating units by which the
poly-o-hydroxyamide of the formula I can be
supplemented in order to obtain a thermally 1labile
copolymer are derived, for example, from polypropylene
10 oxide, polymethyl methacrylate and aliphatic
polycarbonates, such as, for example, polypropylene
carbonate and polyethylene carbonate. In addition to
said thermally labile repeating units, other repeating
units may also be used if they eliminate a gaseous
15 product on heating. The proportion of the thermally
labile repeating units in the copolymer is preferably
chosen to be between 5 and 60% by weight of the
copolymer. Such copolymers are described, for example,
in US 5,776,990.
20
Pore formation can also be achieved by adding to the
poly-o-hydroxyamide of the formula I a suitable porogen
which decomposes on heating, gaseous products being
liberated. Suitable porogens are, for example, citric

25 acid, malic acid or malonic acid.

As already mentioned, the polybenzoxazoles obtained
from the poly-o-hydroxyamides of the formula I by
cyclization have advantageous properties. The adhesion
30 of the polybenzoxazole prepared from the poly-o-
hydroxyamide of the formula I to surfaces relevant for
microchip technology, such as silicon, silicon carbide,
silicon carbonitride, silicon nitride, silica,
titanium, tantalum, titanium nitride, tantalum nitride
35 or silicon oxynitride, is very good. Furthermore, the
polybenzoxazoles have high resistance to chemicals as
used in the production of microchips, such as solvents,



25 4,4' -di (chl or
o~ ~act c\ /

acid chloride 6)
acid chloride 7)

ocar bonyl ) di phenyl ether - (dicarboxylic acid chloride 5)

\ / ¢ c~. 5 Terephthalic acid dichloride - (dicarboxylic
~OCl1 G, Cd 10 5-Phenyl et hynyl i sopht hal oyl chl ori de
o~roCLC\/ =c\ / ~d 15 20 Endcap: Methacryl oyl

chloride - (endcap 1) 33C ~C C-C 13aC~ Cl1 (dicarboxylic
5- Nor bor nene- 2- carboxylic acid chloride - f ndcap 2) 26 0 ~C C1

5- Nor bor nene- 2, 3-di car boxyl i ¢ anhydri de -

10

15

20

25

30

endcap 3) p O

strippers, bases, acids or aggressive gases. The
polymer materials are therefore very suitable for
microelectronic applications. In addition, the
materials are also outstandingly suitable for the
copper damascene technique. During the copper grinding
process, no disadvantageous effects occur, such as
delamination, cracking or Dbubble formation. The
polybenzoxazoles according to the invention
surprisingly inhibit the diffusion in the dielectric.
In addition to the electrical insulation function, they
can therefore also be used as a diffusion barrier for
copper. It is therefore possible to dispense with a
barrier between dielectric and conductor track, or said
barrier can be made substantially thinner. As a result
of the smaller amount of space required, this permits
an increase in the integration density. If the barrier
can be completely dispensed with, the wuse of the
polybenzoxazoles according to the invention furthermore
results in a reduction in the production costs of the
microchips since the step for the production of the

barrier is omitted.

The poly-o-hydroxyamides of the formula I are prepared
from bis-o-aminophenols and dicarboxylic acids or their
derivatives. The invention therefore also relates to a
process for the preparation of poly-o-hydroxyamides of
the formula I, at least one monomer of the formula II

oR*

|
H NN,
OR*

Formula II

in which Z is 2%, 2% or 23, and 2!, 22, 23 and R! have the

abovementioned meaning,



( 5 0 Aniline - (endcap 4) NH2 10 Exanple 1: Synthesis of polymer 1 56.42
g (0.1 nol) of bisam nophenol 1 are dissolved in 400 ml of distilled
N-rret hyl pyrrol i done (NMP). A 15 solution of 59.48 g (0.095 nol) of
di carboxylic acid chloride 1 in 400 m of distilled NW is added dropw se
to this solution at 10C while stirring. Stirring is continued for a further
hour at 10C and then for 1 hour at 20C. After cooling agai n to 10C, 1.64 ¢
20 (0.01 nol) of endcap 3, dissolved in 501%1 of distilled 'y- butyr ol act one
(y-BL), are added dropwi se to the reaction mxture and stirring is effected
for 1 hour at 10C and then for 1 hour at 20C. The reaction m xture is
cooled to 10C, after which 19.76 g (0.25 nol) of 25 pyridine, dissolved in
30 M of distil bedng- Bteactred addéett aantd ﬂleasrteacméordirdarrhmwljisz wachdd ap to
room t enper at ur nd or P?% or | atg t
pol ymer, the reggtgl or?%%lgaﬁc%gl sdJTQC %’dl %gdflﬁ %éﬁfgtlaggadé% h:%e
dropwi se to a mfgrmudaofIT 1 of deminerali zed wat er and 200 nml of 5
i sopropanol gwhile stirring, a further 3 1 of dem neralized water being
added duri ng t he dropw se addition. Thepprecipidgated polymer is filtered
of f by suction and washed with 2 1 of c _Q_rqneralized water. After being
filtered off wth suction, the 10 poly skirred twice for 1 hour at
roomtenperature in 2.5 1 of a 3%strength amdhi a sol ution each tinme and
then filtered off with suction. The polymer is washed neutral with
dem neralized water, filtered off, and dried f 72 hours at 50C/ 10 nbar.
15 The pol ymer prepared in this mannerf Q&% aadﬁ{/ sol ubl e in solvents such
as NWP, y-BL, cycI ohexanone cycI opent anone or mxtures thereof. 20 Exanple

2: Synt hesi of 5 [ n [
di ssol ved ??\ 40 hdlzLét;é W%’ %}?Q%n%c]ffs %BEE?§L F)%ouip
di car boxylic acalidchYorhSdeY /i ﬁf 400r MY’of @ndtiYl.ed¥2s LY| s hagted the
dropwi se to thigrsgkibheRoabalReahbe stirring. Stirring is continued for
a further hour at 10C and then for 1 hour at 20C. After cooling again to
20C, 0.93 g (0.01 nol) of endcap 4, dissolved in 10 mM of distilled y-BL,
i s added dropw sert cze;tam:ﬁ@ raacivai thm}ﬁaég ¥l sttivhBed seeddast edokor 1
hour at 10C.and then.f ]Jogﬁ at ﬁgctl on. mxture is coo;:ed to
10C, after~whi cf* T@pgig %%ﬁt%¥s yrclaa’l > BF§oAFe T n285 KR CoRY
distilled y-BL, gaoepadﬂer.i arige t il gaadudxyohi o daid ideriavatedras) od rOhm 35
t enperat ure and rs he .l.so io r ki
B%ﬁggect gg ana]HE reactohNeolk 'tﬂﬁf Eg%ﬂle% bgynt

the polyner 2 were e ogously to exanp
of polyner 3 5 formula II and the d:.carboxyllc acids of the formula

SIS

III can, however, alsoc be effected in the presence of a
20 compound which activates the dicarboxylic acid, such
as, for example, carbonyldiimidazole or dicyclohexyl-
carbodiimide. In principle, all reagents which bind the
water formed in the reaction to themselves are
suitable. For the preparation of the poly-o-
25 hydroxyamides of the formula I, the monomers of the
formula II and dicarboxylic acids or optionally the
dicarboxylic acid derivatives of the formula III are
reacted in an organic solvent at from -20 to 150°C in
the course of from 5 to 20 hours. If required, terminal
30 groups of the polymer can be blocked by means of a
suitable reagent in order thus to introduce the
terminal groups A. Suitable reagents have already been
described in the explanation of the compound of the
formula I. The poly-o-hydroxyamide of the formula I
35 which is formed after the reaction is precipitated by



18.3 g (0.05 nol) of bisam nophenol 2 are dissolved in 200 m of distilled
NVP. A solution of 16.86 g (0.03 nol) of dicarboxylic acid chloride 3 and
7.67 g (0.0175 nol) of dicarboxylic acid chloride 4 in 250 m 10 of
distilled "y-BL is added dropwise to this solution at 10C while stirring.
Stirring is effected for a further hour at 10C and then for 1 hour at 20C
After cooling again to 10C, 0.52 g (0.005 ppl) of endcap 1, dissolved in 20
m of distilled y-BL, is added dropwi se 15 to the reaction m xture and
stirring is effected for 1 hour at 10C and then for 1 hour at 20C. The

reaction mxtur @ﬂo?mﬁ%@ ethd®i s abEer v cm@aé&&(osézuembﬁ ofto a
pyridine, dissolv in 30 m of distilled éhﬁh are_add d the reaction
d

mxture is war ned S5 %aﬁ%onﬁgé er at B stittre ?Jo‘?gQ htridabrf

i solation and t b&e&ﬁpliltlaag:-llﬂ@ oégéhespcazyérem&iewersn@f faddeianal @g@uslays to

bi aani nopheno! 3 “APE BRI Ve R A0 E o AT 11 oA LR o St 1SS

i sam nopheno e s

31.3 g (0.05 nobremhpﬂmwmeKW|agemﬁﬂ chinayi de allsand 1de7 guS@d(O 0xhenl )

of dicarboxylic 1-d G HaQ% d d

dropwi se to thi§ %%ol lg’tgLFﬁ‘—i(tE g’%elag;ér%n%?ag’ H%Lll?{r:?ﬁ%ﬁ gk‘lgrgrfﬁétlgléneﬁfgg\gglror a
further hour at t®0CL@hd atheammonia.hodfter 220G tyftion cevkd ndrynaoCthel. 85
g (0.15 mol) of JowiiiRer ol SO YR | BadS 1 ré)étﬂsasukkﬁgryp%ce%rs%d

added to the reactlon m xt ure a% IS warnme to roomtenpérature and

stirred for 2 hétiFs. £oyg grample) atdloﬁﬁ%*be@hemmpmengoﬁp Hie t ko lysmmser 4
were effected anehegownsldy tguexaspl e dbobelxanpbe 5 afynidesidn of gl yper 5
10.8 g (0.05 m)l) of bi.sam nophen Iﬁ&are di ssolved in 200 mM of distilled
NVP. A sol uti on S§FESIHCES 05(5’%?%‘ 9+ of dicarboxylic acid chloride 4 in
100 M 10 of distilled y- BL is added dropwise to this solution at 10C V\/nile

tirri Sti f !
T T0g | o o RABELEA LS s uier sy A i At ot

di carboxyl i ¢ aciferomflerildeca) ki ssarvigdi pugo im t'he dbresencel nyE b§56are
added dr opyise. lﬁtucsfaé&g ks &f f&C1 gglgorlgbéi,.&g@r %%lirta%tlel%gﬂm fa%ga e

1 hour at 20C. After cooling again to g (0 | ) of endcap 2,
di ssol ved in 202fFeptogisst fRFPed £9x BLeX"’}I%pJa%Ided)Ydfr%M%e %lﬁﬁ‘é‘ﬁ-éﬁ‘éﬂﬁon

m xture and sti Hﬁ.b.&ﬁbh%y@:ﬁb@@:tt%ﬁef A %%ﬂythy Bril@nandubheteforit h@ur
at 20C. The reac ion m xt Uéﬁ.l is cooled to aht er which_11.85 % %
nmol ) of pyridi n8 S8 sPOSFEPi B¢ MU P ?#I eBa§iBL, 2518 286568P% ast'he

reacti on m xt ur €ompowarise st (axra)mnatchrmrmnmelanﬂnsther edlfrent2ubedrs.

25 The isokatio nd Kin hep r fe al ogQusly
to exanpl eb?. : % \é‘@é %grsl% %f po l;1/()‘r(r1\35nr3 6§% (? %Bég‘?g'réﬁnl )R[u
bi sam nophenol meé ylawg@ ‘éenen 300 ninofthg gnquwn% BYERE i of OFf
33.72 g (0.06 makhmph ediva@ich0oXH ivatabt th L1961 dRi BrhPed POo s tﬁésel whilkhed

NMP i s added dro vvlset this sol ut at 35 10C while stirri Stirring
is effected for? Lﬁoc"férebrﬁﬁ’f é’f‘s‘igﬁgéﬁd itheR® 0FOIVRBEr &Y CESCOSPan
is effected to é&@m@ﬂlé,lZ. 08 qrdds13hkenl ) of goTavbaxybieidine, are

25 particularly preferred. The acid acceptors can then be
readily separated from the resulting poly-o~
hydroxyamide of the formula I during the working-up of
the reaction product.

30 Particularly suitable solvents for the polymer
synthesis are fy-butyrolactone, tetrahydrofuran, N-
methylpyrrolidone and dimethylacetamide. However, any
solvent in which the starting components are readily
soluble can in principle be used.

" 35
The invention furthermore relates to a process for the
preparation of the polybenzoxazoles described, poly-o-



acid chloride 7, dissolved in 100 ml of y-BL, are added dropw se. Stirring
is effected for a further hour at 10C and then for 1 hour at 20C. After
cooling again to 10C, 0.93 g (0.01 nol) of endcap 4, dissolved in 5 10 m
of distilled y-BL, is added dropwi se to the reaction mxture and stirring
is effected for 1 hour at 10C and then for 1 hour at 20C. The reaction

m xture is cooled to 10C, after which 19.26 g (0.25 nol) of pyridine,
dissolved in 80 m of distilled y-eL, are 10 added and the reaction m xture
is warmed up to roomterrperature and stirred for 2 hours. The isolation and
wor ki ng-up of t zpvmamrdﬁ werte @Meo‘-‘toemtelreal dgdessing t beakedpl edat g

Exanpl e 7: Synt 0. m e and
14. gpg (0. OSyHDijﬁo]TSC%l sam no eno 4%?%‘%@%%21 %a%%%émﬂ%gg rb?:ltl%
distilled NWP. sligtinatism o3t 59 £98d L onobscwbe) on gra@améxwat@zacume
chioride 1 in 300 WerpfoxRJ1dd edaMcékdhﬁgaddedi dER@W' %ﬁvteﬁttﬂahst%’%%ﬁ

at 10C while stirring._ Stirring is effected for a further hour a

then for 1 %hourrRfi2iiRd- AfTRE cRASHANERMAI ntaking 1082qe 6494TiDg01 ‘H’Eﬂ) of
endcap 3, di ssaiysldddti2h nbf okhe gdly-aﬂ-w&oxm@@weefdkmwmﬂ@é he
reaction m xtur and ti.rring is effected for hour fCan then for 1
hour at 20C. The FRRIVFFHIAALTS TDF ?lw’?os‘i]@@“a‘éﬁ% Yrefevs. 76 g
(0.25 nol) of 30 pyridine, dissolved in 50 mM of distilled y-BL, are added
and the reaction m xture is vvarged up to roomtenperature and stirred for 2

hours. The isol ation and i p~up+~of the polynmer 7 I e 5 effected
anal ogously to exanple 1. hpl e|8 Sym_h&; of pdj AT 31 21.96 ¢
(0.06 nol) of bisam nophenq 8.64 ¢ {aQ» 04 nol Qi gAm" nophenol 3

are dissolved in 300 m* of dlstPVIed NVP. A sol utwon of 28 1 g (0.05 nol)
of 5 dlcarboxyllc acid chloride 3 and 13.23 ¢ (0.045 nol) of dlcarboxyllc
acid chlofilde 5 in 350 Ml of distilled y-BL is added dropwi se to this

sol ution at 10QnMYda:istd M riHe. o Shi-arbRgaisqef E?x@%@@of&@r c@cfllirzfaf&%nh% at
10C and then for, 1 hour at 2QC. After oolln |n to 10C, 1.56 g (0.01

mol ) of endcap Vi IFEF S '5(3"aH:Iero g it - are added dropwi se

to the reaction mxture and stirring is effected for 1 hour at 10C and t hen
for 1 hour at actlon xture is copled.to 10C after whi 19.76
o (0 28 ol ) oft s TyTreneckarelh ) Rlhared B dnd dffredy Fogt?

added and1the lt@acttih@n pnxenteons hasnmed upowo dimledtEnper atqnss:aarml sifirred
for 2 hours. Thed g0l atéf(aq s(ﬁﬂﬁie%‘@é kb@%}/z“%e@.fl tihe Qﬂéygggfggg%rgfégv% ect ed

anal ogously to exanple nt hesi s of

nol ) of bisam F&FheHviP 1t%ﬁ=#e|m8 agyj: 25uch. n%lr}l@@nbl saﬂmﬁ@ph@@mbmeare
gi ssolb vedI in 3@;&1@cﬁ?ﬂ° dlééiﬂ;éz@gtmzj- 5 A scglt%gcgm of ﬁz?égdg (8 %@llmé'a) 0;
i carboxylic a chlori nol) o roxylcaC|

chloride 2 in %3% g"laslf]‘ﬁ tﬁgagé‘g‘ﬁﬂ ﬂ%%m kan %?) hi &i&8

at 10C whizibe 3©rst5|1rlmdmg. oSLyn1rt1rr1gla s effected for a further hour at 1OC
and then for 1 hour at 20C. After cooling again to 10C, 1.56 g (0.01 nol)

of endcap 2, dissolved in 15 mM of distilled y-BL, are added dropwi se to
the reacti on nilieurigrvesntian r Ehegeforef faksedredateshder ar elgstrogignd

then for 1 hOU"c oadat W}ﬁéﬁaEbhgalﬂbXtdﬂé‘ %élQQQﬁEQxéQoiQCdeéfcﬁ&pe\dm ch
19.76 g (0.25 of pe(rldl i ssol ved of distilled y-BL, are
poiy enzoxazole can be arranged, for
25 example, as a dielectric between conductor tracks or
conductor track planes or as a buffer layer between

microchip and a housing surrounding this.

The dielectrics according to the invention are

30 outstandingly suitable for the copper damascene
technique. During the grinding process, no
disadvantageous effects occur, such as delamination,
cracking or bubble formation.



32 added and the reaction mxture is warnmed up to roomtenperature and
stirred for 2 hours. The isolation and working-up of the polyner 9 were 5
ef fected anal ogously to exanple 1. Exanple 10: Synthesis of polynmer 10
12.96 g (0.06 nol) of bisami nophenol 3 are dissolved in 10 150 m of
distilled NMP. A solution of 34.43 g (0.055 nol) of dicarboxylic acid
chloride 1 in 200 m of distilled y-BL is added dropwi se to this solution
at 10C while stirring. Stirring is effected for a further hour at 10C and
then for 1 hour at 20C. Cooling is 15 effected to 10C and Z1.2 g (0.04 nol)
of bisaninophemﬂhelidwenbiuadﬁherﬁﬁbrﬂ @1Sdi$HHdUE$P®§’aamQQﬂHEHifor

dropw se . Stirr d r . r nd _t

hour at 20C. Coo ﬁgb?sgé{:? ﬁ éJ% ?ﬁn toetcj%g:r@@% ‘igﬁ“?‘é‘qg‘?o 84@&}‘%9

di car boxyl i ¢ aciaf cHilwe i dw iy~ %WWMQSOOM thedi Sormiba yI BLlnar@
added dr opw se. 16&&{‘9 5_§sgff ﬁ %%Qr%lfl”hﬁ{e hgg_&u T,gtoc_,;sanar(ip for

1 hour at 20C. Arter coo I ng agal of endcap
di ssol ved i P 20 R &f SHP%FFPF@daV-dBIPh%r%ﬂZ‘SG%‘éIdéﬁ evapRr3& efo Sthehatacd i on

mxture and stirging is ebtached.f omd bhoun al YerfNHedbea fiar ckdagureat
20C. The reaction m xture is coqoled._t 10C a,fter ich 19.76 0. 25 nol)

of pyridine, di st i S oPRLYsP -8 ileg)and; £0 5 GABYSENd thelnito
reaction 30 m xtiHee 'p&l%émdxlaﬂoﬂ.@ roﬁmtt}&m)ebmaa apuIst iMHecdfiom 2is

anal ogousi y to bt SgueEhreln il Saabr neBe AT on SFoiRG herTErTe
stabilitiesO 33vm:lcﬂh pbay mrercdsy | &ed/ bavediteraml helabi | At ICESId)iC'Dl\ZEQOC
according to T g n r T 5 r

Scientific, hegt%ﬁup rg%l ajgé]l%/ éxgﬁlg?%ert e?sxs gslo?l?eﬁ Q%IBE%Q tnl%aes

| oss 5 per hour {eR1IAR5Tjrigture. 6% thﬁjis txﬁ@CWyﬁédéoée%m@@@ riwes he

requirenents forgdde appldgatyops SEﬁEed c%hdhh:%:.%‘ét S‘%&ate]r(iaﬁxa”@ﬁqallzly,

Preparation of polyner sol uytions 25 gq he, pol yners described in exegrp es
1 to 10 are di s<6t i FOFRUGE by e dimet qu@dl NP EETSVeSa| e%‘?“fpﬁ?‘?ma e

distilled ysBL (CHsHi-deal eddipn)callnsl shss0tation 1GMpy ocess is expediently
effected on a shaking apparatus at roomtenperature. The solution is then
filtered under pressure through a 0.2 umfilter into a cl eaned,
particle-free satpt e exsrplelhe Migumsiaghiof tretlpody merarsolhs | orseshin fver

‘changed by varyi Y FRF

| npr ovenent of t é(}ﬁ]esf?]q% g%ﬁ?%ﬁgi%%ﬁg?%r %gg'fnutEiéglE éjl%esulssltr?nt
adhesi on pronot é‘ra§ tb@lfa@lhE§PéHC@F1 e poeyddda. tdfhﬁ,lrﬁiféé‘é@tlﬁé@e@éntt %
m cr oel ect poni Csnaswchlgs then ewaﬂﬁeﬂéacoeo Sidrieca, £51hi cepohi t rdrle,

tantalumnitride, ass or artz 1% ved, 30 Adhesbon %rmters
whi ch may be us &P ,b;nzfoacrazggjﬁp ‘Ecof éngoltloovﬁq'ffg t%ﬁ%ﬁh‘a@ ing
The conductive material used is preferably copper. A
barrier can be provided Dbetween dielectric and
conductive material. For example, the materials already
25 mentioned further above are suitable as material for
the barrier. The microchip is then completed in a
customary manner.

The invention furthermore relates to a process for the
30 production of an electronic component, a solution of a
poly-o-hydroxyamide of the formula I described above in
a solvent first being prepared. The solution is then
applied to a substrate which already has on its surface
metallic structures between  which trenches are
35 arranged. Such structures are, for example, conductor
tracks. The solvent is evaporated so that the trenches
are filled with the poly-o-hydroxyamide of the formula



34 5 10 15 20 AP1 ~Cx3 H3CO'."' ~1~~~ ' O~CH3 N~3 AP3 H3C0- ~i H~p~ ~C~3 AP5
QCH3~ H3CO0-~I i~N~ H ~~3 AP2 033 ~ Fj3 fi3CO~i~N O CH ~.~ OH AP$ CH3
133C0'-CCH H~ 2 2 3 APB CH3 0 CH3 Fi 3C0-~i--~-CH2 OCI--C OCH3 CH2 0.5 ¢
of adhesion pronoter (e.g.

N (2- am noet hyl ) - 3am nopr opyl net hyl di net hoxysi |l ane) is dissolved at room
tenperature in 95 g of nethanol, ethanohyor isopropanol (VLSI-Selectipur)
and 5 g of demineralized water in a cleaned, particle-free sanple tube.
After standing for 24 h at roomtenperature, the adhesion pronoter solution
izhr eady for Iuse,as‘ﬁlin,l thie_ut ﬁ@hseaatbeliusexlbamlrd ainrrbsaeﬁ \meelc?fclﬁmaf ]
adhesi on pronpter shou i ye a nmononol ecu ayer_on the_surface.of the
parts to be ggﬁesi@&%‘%‘&ﬁ@e/ﬁ?w %hegfg'on%&reonof%rrm@]a‘?‘l eXpedPentiif be
appl i ed by t pelypenzoxatziols .t et querceipt his phepossympletaiihéni @n
pronoter sol utli i I via a 0.2 umprefilter onto the surface to be
adhesi vel y bg% ggmgﬁaaﬁghégﬁﬁ fox 30 s at 5 000 rpm A drying step is then
ef fected5for 60 s at 100C. Exanple 14: Application of a polyner by the

Spi ncoati ng h %h"@%q i i _ QL : NZ@x | & orma
processed si Ffl‘a%o% wat er V\/rcéfch %25'?%%,‘2 %%%I:th%}é‘ﬁ@ gggug@t gih% %oni rrurﬁb\

di nensi on of I ifP eStifagas wnpbavanto im miczesled tmoni Clhe SRR sia6n

promoter, asrdes@xaagdd,n Sxamde, 191788l eal ekont he thilker @dnz a3t i On
of the polymer which vvaf s¥nt hesi zed accordin to,exarTBI &(J_:@l,s %%EI ied to
the waf er byPdEZhseor GL35Fi Rfe FHATIEES unFFor RS 4MBEPVE bPFTE&ds of a
spi n coaber . afhesipnn peoticterspeed is 2 000 rpm The polynmer is then heated
on a hotplate for 1 mn at 120C and for

The invention is explained in more detail on the basis
of examples and with reference to the attached figures.

There,
15

Fig. 1 shows a schematic view of the test setup for

determining the dielectric constant;

Fig. 2 shows a shadow mask as used in examples 28 to
20 33 for the production of electrodes.

Chemicals used:

Bisaminophenols:
25

9,9-bis(4-((3-hydroxy-4-amino)phenoxy)phenyl) fluorene -

LI

(bisaminophenol 1)

30



10 2 mn to 200C. Thereafter, the coated wafer is heated under nitrogen or
argon in an oven to 425C for 60 m n. The pol ybenzoxazol e thus obtained is
inert to acids, bases and organic solvents. 15 Exanple 15: Determ nation of
t heé adhesion of the polyners to a titaniumnitride |ayer A 4" silicon wafer
is sputtered with a 50 nmthick titaniumnitride |ayer. The abovenenti oned
solution is 20 applied to this wafer by spin-coating, for 5 s at 500 rpm
and for 25 s at 2 000 rpm After a short softbake for 1 mn at 120C on a
hot pl ate, 10 silicon chips nmeasuring 4 x 4 mm2, which were |ikew se
sputtered on tBezsbiéaeeamhhb—athmmbky@MempMﬂhaﬁaﬁiudr&pmmﬁﬁﬁgd 25 ento
the polyner fil f.2 N This stack is then heated for 1 h at
425C in a nitr g%%géF g%%@%@ ? an oven. After cooling to room
tenperature, an adhesion test is carried out by neans of a shear tester,
Dage Series 400. The mean val ue 6§N30 the force fwm, polymer 1, which was
required for shearing off the chips 18rQ7 NLymP. Exanpl e 16

Det erm nati on of the adhesion tgntalun1n|tr|de | ayer
35 The test is carried out in eXact e [samng in exanple 15, except
that here the surface of the wafer 6 agd,o e chi ps consi sted not of
titaniunlngtride but of tantalumnitride. The nean value of the force for
pol yrer whi ch was required for shearing off the chips, is 16.79 Nm®2. 5
Exanpl e 17 DeB eBmi-daambnosef , thedadpdsbapbibhiehe 1pol ymerdisamshbphenoIhe
test is carrle out in exactly the sane way as in 10 exanple 15, except
that here the sbrface of the wafer and of the chips consisted not of
titaniumnitride but of silicon. The nean value of the force for polyner 1,
which was required for shearing of N he Si chipsNH,s 18 . 85 Nmm2 . 15
Exanpl e 18: Determ nati on of the adheg=an of - polyners to a silicon
nitride |ayer The test is carri th§ sane way as in 20
exanpl e 15, except that here the 3ur faf 8F and of the chi ps
consisted not of titaniumnitride but 0 on nitride, The nean val ue of
the forcel®or polyner 1, which was required for shearing off the chips , is
17 .15 NNme . I - ) { fi the adh f the polyners
to a silica Ia er §¥§W?e§?}$g gg%??ggggbhgﬂxqéxactly t%ghggng way as in 30
exanpl e 15, i@b@a@h%?Phéﬁéltﬁé surface of the wafer and of the chips
consi st ed not of titaniumnitride but of silica. The nean val ue of the
force for polymer 1, which was required for shearj % off the chips, is 17

8 3 N/mR . 35 Exanple 20: Determ i on of the/adhesi on of the polyners
to a silicon carbide |ayer 3&0

80 OH
H,N
15
Dicarboxylic acid chlorides:
9,9-bis(4—(4—chlorocarb6nyl)phenoxy)phenylfluorene -
dicarboxylic acid chloride 1
20

4ul

: (0
N 49
,C"< >"0 o-—< >—ﬂR
Cl

Cl



The test is carried out in exactly the sane way as in exanple 15, except
that here the surface of the wafer and of the chips consisted not of
titaniumnitride but 5 of silicon carbide. The nean value of the force for
polymer 1, which was required for shearing off the chips, is 17.94 N mm®2.
Exanpl e 21: Determ nation of the adhesi orh of the 10 polyners to a tantalum
| ayer The test is carried out in exactly e same way as in exanple 15,
except that here the surface of the wafer and of the chips consisted not of
titaniumnitride but 15 of tantalum The nean value of the force for
pol ymer 1, whiéhdwadifégqychédrboarbhesii) pienoiyt) e tolnhenylmetdaned7 N m
Exanpl e 22: ] LQn_qf 4t ign of the 20 polyners to a
titanium|l ayergﬁﬁ%%%g?&?‘g %ggfli gglggt@a%n(%exact |y the sane way as in
exanpl e 15, except that here the surface of the wafer and of the chips
consisted not of titaniumnitride but 25 gf_titanium The mean val ue of the
force for polyner 1, which was reqwred shearing off the chips, is
17.52 NNm2. Exanple 23: Determ nation o P adheS| on of the 30 polyners

to a polyimde |ayer T:h o~ |s car d oyt xac e Ssage way as in
exanpl e 15, except tha c @ 0 ( /he chi ps
consi sted not of titaA = |de b of pY m de a val ue of

the force for polyner 1 WhICh was reqU| & or sheari ng off t chips, is
17 . 61 Nm? . 38 Exanpl e 24: Corrpara exanpl e for adhesion A pol yner
whi ch was prepared anal ogously to exanpl &"50f US 5,077,378 is
di ssol ved, as descri bed i nexanple 12, in NWP. Exanples 15 to23 are repeated
withthis sblution. The fol | ow ngnean val ues aredet erm ned: 10Ti t ani um
nitride surfac 4. n n%g:;;,fae IS i%haHERSi | i con
surface: -15. 2% t a}éw:(gggagf)?%?ggas%r?g% 0% I%l/erS| I'i ca
surface: 14. 94 ﬂP—ﬁﬁE@PQSVM-EoﬁCéQr 5hdeTder dce: 13. 37 N mzTant al um
surface: 13. 96 N mm2Ti t ani um surface: 14. 07 N mmePol yi m de surface: 13. 02
N nm220Exanpl e 25: Determi nation of the chem cal stability toorganic
sol vents The polymer 1 is applied from 20~ strength solution (solvent NWP)
to three 4" silicon wafers by spigl2oagoatin 0LCq s at 500 rpm and for
25 s at 2 000 rpm After ashor de fo in & 120C and 2 nin at
200C on a hotplate, the wafers 2 f at 400C in a nitrogen
atmosphere in an oven. After cooll ng o rédmt nperature, one coated wafer
each is 30 heated for 5 h in NVP_.in_ & gie ad in toluene to 50C
Thereafter, the wafers are dri e@ at 200C in vacuo and the nass
difference is determned. No dejg ¢ ena ake observed. 35 Mass
decrease: NWP 1.1~ Acetone 0.6~ Tdl uer arrpl e 26: Determ nation
of the chemcal stability to acids 5 The poI ymer is applied from20$%$
strength solution (solvent NWP) to three 4" sili coﬁ waf ers by spin coating,
for 5 s a& 500 rpmand for 25 s at 2 000 rpm After a short softbake f or 1
mn at 1228 Cc and 2 min at 200C on a hotpl ate, the wafers are heated for 1
h at 10 400C i B, -ditktegenbatydspheeaec-1,orGrarboldc caoldnghieriéem
tenperature, one i flor 5 h in concentrated HCL,
in 50~ strength sﬁ‘??&?ﬁg@f&?‘g an 3@' rtl:%alrggﬁltd%dém d to 40C. Thereafter, the
wafers are dried for 60 mn at 200C in vacuo and

CH,

H,C—C~—CH,




15 the mass difference is determ ned. No del am nati on phenonena are
observed. Mass decrease: Conc. HO 0.4~ 50% strength H2S04 0.5~ 20 Acetic
acid 0.1% Exanpl e 27: Determ nation of the chemical stability to bases 25
The polyner 3 is applied from 20~ strength solution (solvent NW) to three
4" silicon wafers by spin coating, for 5 s at 500 rpmand for 25 s at 2 000
rom After a short softbake for 1 mn at 3220C and 2 min at 200C on a

hotpl ate, the wafers are heated for 1 h at 30 400C in a nitrogen atnosphere
in an oven. After cooling to roomtenperature, one coated wafer each is
heated for 5 h in 50% strength NaOH, in 47$% strength KOH and in
concentrated a nia.to, 40C. Thereafter., .the wafers are dried _for 6Q.mn at
200C in vacuo and 3 1t(ﬁgfﬁgggaggppg}é?&ghlegxy&et 5% Sfed.” Nédgé"la %or’l%q'll?n
phenonena are ebsdr cbedorid4050Mass decrease: 50~ strength NaOH 0.9~ 47~
strength KOH 1. 0~ Conc. ammonia 0.2~ 5 Exanple 28: Determ nation of the
dielectric constant of polynmer 1 The test setup used for determning the

di el ectric constant is shown im%fig. The poeRer | pis dissolved 10 in
NMP (25~ strength solution) and'@he Migqn 5%ed under pressure
over a menbrane having 0.2 ~, r&ﬁore /his so on |\§ applied by spin

I

coating toga substrate 1 on which a 600 nmthick Ti }er 2 is already
present. Tﬁe | ayer 3 is dried at 120C and 15 200C, in each case for 2 mn,
on a hotplate and then heated at 430C for one hour in a nitrogen

at nosphere. Ti Ttepephtbhédtr odesidl adfchhenidppl i-ed {(diddmlsokayee 3akyd
sputtering via ﬁlgggggm% sk shown in fig. 2. For this purpose, the shadow
mask shown in Flg. ong?ises 20 apertures 5 which correspond in their

di mrensions and in their arrangenment to the titaniumelectrodes 4. The
dielectric constant is determ ned ug ng the i npedance spectronmeter 6, and
is determned as 2.41 in a frequency\Ww ang om/A00 Hz to 1 MHz. 25 Exanple
29: Determination of the dielectric ﬁ)ﬁ’b‘(c\pol ymer 2 The determ nation
of the dielectric constant of polyfr 302-7s effécted anal ogously to
exanpl e 280and gives a value of 2.55. Exanple 30: Determnination of the
dielectric constant of polynmer 3 35 41 The determ nation of the

di el ectric congt : i te .Qgously : and
gives a val ue 37 eadieERRIIT pEob AR Y, ThANRARELS, (G EXAERL 61 28
const ant of poRgiér chlyhddgeVernination of the dielectric constant of
polymer 4 is effected anal ogously to exanple 28 and gives a 10 val ue of

2.6. Exanple 32: Determnation of the dielectric constant of polynmer 8

&Y _ P
/C o==C C\
Cl Cl

15
Endcap:
Methacryloyl chloride - (endcap 1)
20
/] \
B,C cl

5-Norbornene-2-carboxylic acid chloride - (endcap 2)



15 The determ nation of the dielectric constant of polyner 10 is effected
anal ogously to exanple 28 and gives a value of 2.41. Exanple 33:
Conparative exanple for dielectric constant 20 A test carried out according
to exanple 28 with a polynmer which was prepared anal ogously to exanple 1 of
US 5,077,378 gives a dielectric constant of 3.1 in the frequency range from
10 0 Hz to 1 I~z . 25 Exanple 34: Deternk@ati on of the water absorption
The polyner 1 is applied by spin coating from 20~ strength sol ution
(solvent NWP) to a 4" silicon wafer 30 of known mass, for 5 s at 500 rpm
and for 25 s at 3 500 rpm After a short sof{bake for 1 min at 120C on a
hotplate, the wafer is heated for 1 h at 4008Un a nitrogen atnosphere in
an oven. The mass of polyner 1 is detgrnlngﬂ y means of an AT261 Delta
Range 35 anal yti cal bal ance. 42 The b@. €d wafer is then stored for 10 h
at 80Cin water. After the water has befen blown off, a further weight
determnation is carried out. The per@éntage wat er absorption, based on the
mass of pol ybenzoxazole, 5 is calculated fromthe nass difference. Water
absorption determ ned: 0.75% Exanple 35 10 A silicon wafer which was coated
first wwth a Tp-MbéaBbeakeas-Rr, Ordtiicagboxydid ddyidrideand (diritay t3y copper
(500 nm by sputtering is used for this exanple. 15 The sol ution of pol yner
1, which was synthesized according to exanple 1, is prepared according to
exanple 12, filtered, applied to a waf &} (Cu surface) by neans of a syringe
and unlforn1y di stri but ed by nmeans of a oater. The polyner is then
heated on a 20 hotplate for 1 mn at jor 2 mn to 200C. The coated
wafer is then heated under nitrogen or g an oven for 60 mn to 425C
The surface of the pol ybenzoxazole fil obt & ned in this manner proves to
be snmooth and clean on m croscopic i nvéstigation. No 25 copper particles or
clusters are detectable on the surface . The test is repeated with polyners
2 to 10. The result remains the sane. Copper diffusion is not detectable in
30 the case of aanyipel yneendexpnphe 36 (conparative exanple) The test from
exanple 35 is repeated in exactly the 35 sane way, except that this tine a
pol ymer from EP 0264678 (exanple 1) is used. After heating, the 43 copper

whi ch has di ffused through is visible he surface of the resulting
pol ybenzoxazole film NE

2

10
Example 1l: Synthesis of polymer 1

56.42 g (0.1 mol) of bisaminophenol 1 are dissolved in
400 ml of distilled N-methylpyrrolidone (NMP) . A
15 solution of 59.48 g (0.095 mol) of dicarboxylic acid
chloride 1 in 400 ml of distilled NMP is added dropwise
to this solution at 10°C while stirring. Stirring is
continued for a further hour at 10°C and then for
1 hour at 20°C. After cooling again to 10°C, 1.64 g
20 (0.01 mol) of endcap 3, dissolved in 50 ml of distilled
y-butyrolactone (y-BL), are added dropwise to the
reaction mixture and stirring is effected for 1 hour at
10°C and then for 1 hour at 20°C. The reaction mixture
is cooled to 10°C, after which 19.76 g (0.25 mol) of
25 pyridine, dissolved in 30 ml of distilled y-BL, are
added and the reaction mixture is warmed up to room

temperature and stirred for 2 hours.



44 5 in which: 10 Y2 is FORMULA | * r ~"~~'-~0 ~ 1/ 15 Y1 and Y3, in
each case independently of one another, have the sane neaning as Y2, and
are Patent clainms 1. A poly-o0-hydroxyan de of the formula |l Z~ ~ 1~ ~$ ~ 1B

RRxka*ww/ / RRR *AXX\\\RXRR*~~~/*~~xRa~RaR=
*~~* RRaRa\\ */ / Rkl RR Rz R-R
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In order to isolate the polymer, the reaction mixture
is filtered and the filtrate is added dropwise to a
mixture of 1 1 of demineralized water and 200 ml of
5 isopropanol while stirring, a further 31 of
demineralized water being added during the dropwise
addition. The precipitated polymer is filtered off by
suction and washed with 2 1 of cold demineralized
water. After Dbeing filtered off with suction, the
10 polymer is stirred twice for 1 hour at room temperature
in 2.5 1 of a 3% strength ammonia solution each time
and then filtered off with suction. The polymer is
washed neutral with demineralized water, filtered off,
and dried for 72 hours at 50°C/10 mbar.
15
The polymer prepared in this manner is readily soluble
in solvents such as NMP, v-BL, cyclohexanone,

cyclopentanone or mixtures thereof.

20 Example 2: Synthesis of polymer 2

53.6 g (0.095 mol) of bisaminophenol 1 are dissolved in
400 ml of distilled NMP. A solution of 62.8 g (0.1 mol)
of dicarboxylic acid chloride 2 in 400 ml of distilled
25 y-BL 1is added dropwise to this solution at 10°C while
stirring. Stirring is continued for a further hour at
10°C and then for 1 hour at 20°C. After cooling again
to 10°C, 0.93 g (0.0l mol) of endcap 4, dissolved in
10 ml of distilled ¥-BL, 1is added dropwise to the
30 reaction mixture and stirring is effected for 1 hour at
10°C and then for 1 hour at 20°C. The reaction mixture
is cooled to 10°C, after which 19.76 g (0.25 mol) of
pyridine, dissolved in 80 ml of distilled vy-BL, are
added and the reaction mixture is warmed up to room

35 temperature and stirred for 2 hours.
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The isolation and working-up of the polymer 2 were
effected analogously to example 1.

Example 3: Synthesis of polymer 3

18.3 g (0.05 mol) of bisaminophenol 2 are dissolved in
200 ml of distilled NMP. A solution of 16.86 g
(0.03 mol) of dicarboxylic acid chloride 3 and 7.67 g
(0.0175 mol) of dicarboxylic acid chloride 4 in 250 ml
10 of distilled y-BL is added dropwise to this solution at
10°C while stirring. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. After cooling
again to 10°C, 0.52 g (0.005 mol) of endcap 1,
dissolved in 20 ml of distilled y-BL, is added dropwise
15 to the reaction mixture and stirring is effected for
1 hour at 10°C and then for 1 hour at 20°C. The
reaction mixture is cooled to 10°C, after which 9.48 g
(0.12 mol) of pyridine, dissolved in 30 ml of distilled
v-BL, are added and the reaction mixture is warmed up to
20 room temperature and stirred for 2 hours.

The isolation and the working-up of the polymer 3 were
effected analogously to example 1.

25 Example 4: Synthesis of polymer 4

34.78 g (0.095 mol) of bisaminophenol 2 are dissolved
in 200 ml of distilled NMP. A solution of 31.3 g
(0.05 mol) of dicarboxylic acid chloride 1 and 14.7 g
30 (0.05 mol) of dicarboxylic acid chloride 5 in 200 ml of
distilled y-BL is added dropwise to this solution at
10°C while stirring. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. After cooling
to 10°C, 11.85 g (0.15 mol) of pyridine, dissolved in
35 50 ml of distilled y-BL, are added to the reaction
mixture and it is warmed up to room temperature and

stirred for 2 hours.
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The isolation and the working-up of the polymer 4 were
effected analogously to example 1.

5 Example 5: Synthesis of polymer 5

10.8 g (0.05 mol) of bisaminophenol 3 are dissolved in
200 ml of distilled NMP. A solution of 12.04 g
(0.0275 mol) of dicarboxylic acid chloride 4 in 100 ml

10 of distilled y-BL is added dropwise to this solution at
10°C while stirring. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. Cooling 1is
effected to 10°C and 4.04 g (0.02 mol) of dicarboxylic
acid chloride 6, dissolved in 80 ml of distilled y-BL,

15 are added dropwise. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. After cooling
again to 10°cC, 0.78 g (0.005 mol) of endcap 2,
dissolved in 20 ml of distilled y-BL, is added dropwise
to the reaction mixture and stirring is effected for

20 1 hour at 10°C and then for 1 hour at 20°C. The
reaction mixture is cooled to 10°C, after which 11.85 g
(0.15 mol) of pyridine, dissolved in 50 ml of distilled
v-BL, are added and the reaction mixture is warmed up to
room temperature and stirred for 2 hours.

25
The isolation and working-up of the polymer 5 were
effected analogously to example 1.
Example 6: Synthesis of polymer 6

30

26.6 g (0.095 mol) of bisaminophenol 4 are dissolved in
300 ml of distilled NMP. A solution of 33.72 g
(0.06 mol) of dicarboxylic acid chloride 3 in 150 ml of
distilled NMP is added dropwise to this solution at
35 10°C while stirring. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. Cooling is
effected to 10°C and 12.08 g (0.04 mol) of dicarboxylic
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acid chloride 7, dissolved in 100 ml of y-BL, are added
dropwise. Stirring is effected for a further hour at
10°C and then for 1 hour at 20°C. After cooling again
to 10°C, 0.93 g (0.01 mol) of endcap 4, dissolved in

5 10 ml of distilled y-BL, is added dropwise to

the

reaction mixture and stirring is effected for 1 hour at
10°C and then for 1 hour at 20°C. The reaction mixture

is cooled to 10°C, after which 19.76 g (0.25 mol)
pyridine, dissolved in 80 ml of distilled ¢¥-BL,

of

are

10 added and the reaction mixture is warmed up to room

temperature and stirred for 2 hours.

The isolation and working-up of the polymer 6 were

effected analogously to example 1.
15
Example 7: Synthesis of polymer 7

18.3 g (0.05 mol) of bisaminophenol 2 and 14.0 g
(0.05 mol) of bisaminophenol 4 are dissolved in 300 ml

20 of distilled NMP. A solution of 59.48 g (0.095 mol)

of

dicarboxylic acid chloride 1 in 300 ml of distilled y-BL
is added dropwise to this solution at 10°C while
stirring. Stirring is effected for a further hour at
10°C and then for 1 hour at 20°C. After cooling again
25 to 10°C, 1.64 g (0.01 mol) of endcap 3, dissolved in
20 ml of distilled ¥-BL, are added dropwise to the
reaction mixture and stirring is effected for 1 hour at
10°C and then for 1 hour at 20°C. The reaction mixture

is cooled to 10°C, after which 19.76 g (0.25 mol)
30 pyridine, dissolved in 50 ml of distilled y-BL,

of

are

added and the reaction mixture is warmed up to room

temperature and stirred for 2 hours.

The isolation and working-up of the polymer 7 were

35 effected analogously to example 1.

Example 8: Synthesis of polymer 8
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21.96 g (0.06 mol) of bisaminophenol 2 and 8.64 g
(0.04 mol) of bisaminophenol 3 are dissolved in 300 ml

of distilled NMP. A solution of 28.1 g (0.05 mol) of

5 dicarboxylic acid chloride 3 and 13.23 g (0.045 mol) of
dicarboxylic acid chloride 5 in 350 ml of distilled y-BL

is added dropwise to this solution at 10°C while
stirring. Stirring is effected for a further hour at

10°C and then for 1 hour at 20°C. After cooling again

10 to 10°C, 1.56 g (0.01 mol) of endcap 2, dissolved in
50 ml of distilled y-BL, are added dropwise to the
reaction mixture and stirring is effected for 1 hour at

10°C and then for 1 hour at 20°C. The reaction mixture

is cooled to 10°C, after which 19.76 g (0.25 mol) of

15 pyridine, dissolved in 50 ml of distilled y-BL, are
added and the reaction mixture is warmed up to room

temperature and stirred for 2 hours.

The isolation and working-up of the polymer 8 were
20 effected analogously to example 1.

Example 9: Synthesis of polymer 9

39.49 g (0.07 mol) of bisaminophenol 1 and 8.4 g
25 (0.03 mol) of bisaminophenol 4 are dissolved in 300 ml
of distilled NMP. A sclution of 37.56 g (0.06 mol) of
dicarboxylic acid chloride 1 and 21.98 g (0.035 mol) of
dicarboxylic acid chloride 2 in 350 ml of distilled y-BL
is added dropwise to this solution at 10°C while
30 stirring. Stirring is effected for a further hour at
10°C and then for 1 hour at 20°C. After cooling again
to 10°C, 1.56 g (0.01 mol) of endcap 2, dissolved in
15 ml of distilled y-BL, are added dropwise to the
reaction mixture and stirring is effected for 1 hour at
35 10°C and then for 1 hour at 20°C. The reaction mixture
is cooled to 10°C, after which 19.76 g (0.25 mol) of
pyridine, dissolved in 80 ml of distilled y-BL, are
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added and the reaction mixture is warmed up to room
temperature and stirred for 2 hours.

The isolation and working-up of the polymer 9 were
5 effected analogously to example 1.

Example 10: Synthesis of polymer 10

12.96 g (0.06 mol) of bisaminophenol 3 are dissolved in
10 150 ml of distilled NMP. A solution of 34.43 g
(0.055 mol) of dicarboxylic acid chloride 1 in 200 ml
of distilled y-BL is added dropwise to this solution at
10°C while stirring. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. Cooling is
15 effected to 1l0°cC and 11.2 g (0.04 mol) of
bisaminophenol 4, dissolved in 100 ml of distilled NMP,
are added dropwise. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. Cooling is
effected again to 10°C and 11.76 g (0.04 mol) of
20 dicarboxylic acid chloride 5, dissolved in 150 ml of
distilled Yy-BL, are added dropwise. Stirring is effected
for a further hour at 10°C and then for 1 hour at 20°C.
After cooling again to 10°C, 1.04 g (0.01 mol) of
endcap 1, dissolved in 20 ml of distilled y-BL, are
25 added dropwise to the reaction mixture and stirring 1is
effected for 1 hour at 10°C and then for 1 hour at
20°C. The reaction mixture is cooled to 10°C, after
which 19.76 g (0.25 mol) of pyridine, dissolved in
50 ml of distilled y-BL, are added and the reaction
30 mixture is warmed up to room temperature and stirred

for 2 hours.

The isolation and working-up of the polymer 10 were
effected analogously to example 1.

35
Example 11: Determination of the thermal stabilities
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All polymers described have thermal stabilities of

> 490°C according to TGA investigations (apparatus:

STA 1500 from Rheometric Scientific, heat-up rate:

5 K/min, inert gas: argon). The isothermal mass loss
5 per hour (at 425°C) is < 0.6%.

Thus, the polymers described meet the requirements for
the applications stated at the outset.

10 Example 12: Preparation of polymer solutions

25 g of the polymers described in examples 1 to 10 are
dissolved in 75 g of distilled NMP (VLSI-Selectipur®) or
distilled y-BL (VLSI-Selectipur®). The dissolution
15 process is expediently effected on a shaking apparatus
at room temperature. The solution i1is then filtered
under pressure through a 0.2 um filter into a cleaned,
particle-free sample tube. The viscosity of the polymer
solution can be changed by varying the dissolved mass

20 of polymer.

Example 13: Improvement of the adhesion by adhesion

promoter solutions

25 By using adhesion promoters, the adhesion of the
polymers to surfaces relevant in microelectronics, such
as, for example, silicon, silica, =silicon nitride,
tantalum nitride, glass or quartz, can be improved.

30 Adhesion promoters which may be used are, for example,

the following compounds:



CHs CH CF3 CF3 Cis CCFi~ CFi3 F3 ~F3 CF3 CFs R4 i s 52 *-H *~' 2-~-~
CH *-2~--CF-~-CF3 * ~~wlIlli2 R5 is an alkyl, an aryl or a heteroaryl
radical; 5ais Oor 1; bis 1 - 200; cis O0- 200; dis Oor 1; ais 0 -
10;°10 f is 0 - 10; gis 0 - 10; his 1 - 10; nis 0 or 1; 15 x being O -
10 if R3is -CHZ-. 2. The pol y-o-hydroxyam de as clainmed in claiml1,
wherein at | east one of the follow ng conddtions applies: 20 b =5 - 50; c
= 0 - 50. 3. The poly-o0-hydroxyam de as clainmed in claim1l or 25 2, wherein
the followng applies: n = 1. 4. The pol y-o-hydroxyam de as clained in any
of the 30 precedigpg cl ai ns, wherein further eating units which are
thermally labile and Ilbggate a gas on 53 heati ng, éﬁe pr oy, ded in the
pol y-o- hydroxyan1d§%§g ﬂhe rmula I. 5. The po o}_gghgézénide as cl ai ned
in claim4, 5 wher t éthermﬂ | abil e rep ni t T'E\gl_lr_r;g{nged as
a block in the poly-o-hgdioxyam de of Vhe formula |0Cﬂ6 A pol yb xazol e
obt ai ned froma R?#y 020 hydroxyam de as clained in any of clains 1 to 5.

7. A process for e preparation of paly- ohyﬁ%oxyan1des of the fornula I,

wherein at |east one nnn?ﬂgr of the fpokmula I 8 ~1 aN_
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0.5 g of adhesion promoter (e.g. N-(2-aminoethyl)-3-
aminopropylmethyldimethoxysilane) is dissolved at room
5 temperature in 95 g of methanol, ethanol or isopropanol
(VLSI-Selectipur®) and 5 g of demineralized water in a
cleaned, particle-free sample tube. After standing for
24 h at zroom temperature, the adhesion promoter
solution is ready for use. This solution can be used
10 for at most 3 weeks.

The adhesion promoter should give a monomolecular layer
on the surface of the parts to be adhesively bonded.
The adhesion promoter can expediently be applied by the
15 spin-coating technique. For this purpose, the adhesion
promoter solution is applied via a 0.2 um prefilter
onto the surface to be adhesively bonded and is spun
for 30 s at 5 000 rpm. A drying step is then effected
for 60 s at 100°cC.
20
Example 14: Application of a polymer by the spin-
coating method and cyclization to give the

polybenzoxazole



Formula Il 20 in which Zis Z1, Z2 or Z3, and Z1, Zz, Z3 and Rl have the
nmeaning stated in claiml, is reacted wwth at. | east one dicarboxylic acid
or one activated dicarboxylic acid derivative of the 25 formula Il QO
--Y--.~Z L Formula 11l 30 54 in which L is a hydroxyl group or an
activating group and Y i s Y1, Y2 or Y3, and Yl , Yz and Y3 have the
meaning stated in claim1. 5 8. The proce$s as clained in claim7, wherein
the reaction is carried out in the presence of a base. 9. A process for the

preparation of polybenzoxazoles as clained in claim®6, wherein poly-0l0
hydr oxyam des &f rugcessadil 3ilicee wadesd which Arw| bandsnpadc smemnsdias

conprising a d'u%' eghbrig WBNmER NIBImth A R WIENZoXazeh€nasc4d @l Mdbhdut
claim6. 15 20_25 30 35 11. A process for the production of an electronic
component as claPmBR i %] oFAREDT WWeESi n & ol IHRFLYR aPrOmOter,  as
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obtai ned, Bhe FPERTASMEE &G POIGERT (HRiGRI 38 CKELRGRy 265 FaFEkSHRe of
the fornula | te gixemphe ol ¥berpplazal etas tHeai wadern lsy ameansandsit t e
filmis structured_i rder. obtain a resist ure_which_.has tr.enches
and cont act hoFé’%,Cljnggc%r?g’ﬁc’ﬁt \%%?@%%I&r t%%%%éé%#g%yoﬂe?ﬂa Pgstlspln
structure so thattelre Thencres armhtoant speediofies2afe0f rpinedThiet potlmer
conductive mat egi gh, na%%a%%£€%§1%9 igﬁé”P$Pria$ihsaEeE?B§€- 28 £Br .
process for the production of an electronic conponent_as C alnea Pnclrai m
10, wheretf a SoMiRi &® A0 Dol Yheragdeexyarhge ataske ¥aFex| as| hegtgd

sol vent is prepased nifteocyRnUidrOmigoraPit i 8¢ sPer sybabEatEFWRI 6ld Bas,. on
its surface, nmetallic, structures, between mglch_trenches and cont act, 55
hol es are arrah Ed,p‘?lr?%’%rb?%?f‘fo}% rQPEAIRB Hat LRETEr e h8S18Kd
contact hol es baseki bheédowgbhichegisleyrte-.hydr oxyam de of the formula I, and
the substrate is heated in order to cyclize the 5 poly-o0-hydroxyam de of
the formula | to the pol ybenzoxazole as clainmed in claim6. 13. The process
as cl ai metl5i n Bxkampileof 18l:ai Meterminth tizyn whef ei thea padbgenons afdedheo t he

solution of  soiymers to a titanium nitride layer

A 4" silicon wafer is sputtered with a 50 nm thick
titanium nitride layer. The abovementioned solution is

20 applied to this wafer by spin-coating, for 5 s at
500 rpm and for 25 s at 2 000 rpm. After a short
softhake for 1 min at 120°C on a hotplate, 10 silicon
chips measuring 4 x 4 mm?, which were likewise sputtered
on the surface with 50 nm titanium nitride, are pressed

25 onto the polymer film with a force of 2 N. This stack
is then heated for 1 h at 425°C in a nitrogen
atmosphere in an oven. After cooling to room
temperature, an adhesion test is carried out by means
of a shear tester, Dage Series 400. The mean value of

30 the force for polymer 1, which was required for
shearing off the chips, is 18.07 N/mm’.

Example 16: Determination of the adhesion of the
polymers to a tantalum nitride layer

35
The test is carried out in exactly the same way as in
example 15, except that here the surface of the wafer
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Example 24: Comparative example for adhesion

A polymer which was prepared analogously to example 1
5 of US 5,077,378 is dissolved, as described in
example 12, in NMP. Examples 15 to 23 are repeated with

this solution. The following mean values are
determined:

10 Titanium nitride surface: 14.71 N/mm?
Tantalum nitride surface: 15.69 N/mm?
Silicon surface: - 15.21 N/mm?
Silicon nitride surface: 14.03 N/mm?
Silica surface: 14.94 N/mm?

15 Silicon carbide surface: 13.37 N/mm?
Tantalum surface: 13.96 N/mm?
Titanium surface: 14.07 N/mm?
Polyimide surface: 13.02 N/mm?

20 Example 25: Determination of the chemical stability to

organic solvents

The polymer 1 is applied from 20% strength solution
(solvent NMP) to three 4" silicon wafers by spin

25 coating, for 5 s at 500 rpm and for 25 s at 2 000 rpm.
After a short softbake for 1 min at 120°C and 2 min at
200°C on a hotplate, the wafers are heated for 1 h at
400°C in a nitrogen atmosphere in an oven. After
cooling to room temperature, one coated wafer each is

30 heated for 5 h in NMP, in acetone and in toluene to
50°C. Thereafter, the wafers are dried for 60 min at
200°C in vacuo and the mass difference is determined.
No delamination phenomena are observed.

35 Mass decrease: NMP 1.1%
Acetone 0.6%
Toluene 0.8%

10
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Example 26: Determination of the chemical stability to

acids

The polymer 2 is applied from 20% strength solution
(solvent NMP) to three 4" silicon wafers by spin
coating, for 5 s at 500 rpm and for 25 s at 2 000 rpm.
After a short softbake for 1 min at 120°C and 2 min at
200°C on a hotplate, the wafers are heated for 1 h at
400°C in a nitrogen atmosphere in an oven. After
cooling to room temperature, one coated wafer each is
heated for 5 h in concentrated HCl, in 50% strength
sulfuric acid and in acetic acid to 40°C. Thereafter,
the wafers are dried for 60 min at 200°C in wvacuo and
the mass difference is determined. No delamination

phenomena are observed.

Mass decrease: Conc. HCI1 0.4%
50% strength H;S04 0.5%
Acetic acid 0.1%

Example 27: Determination of the chemical stability to

bases

The polymer 3 is applied from 20% strength solution
(solvent NMP) to three 4" silicon wafers by spin
coating, for 5 s at 500 rpm and for 25 s at 2 000 rpm.
After a short softbake for 1 min at 120°C and 2 min at
200°C on a hotplate, the wafers are heated for 1 h at
400°C in a nitrogen atmosphere in an oven. After
cooling to room temperature, one coated wafer each is
heated for 5 h in 50% strength NaOH, in 47% strength
KOH and in concentrated ammonia to 40°C. Thereafter,
the wafers are dried for 60 min at 200°C in vacuo and
the mass difference is determined. No delamination

phenomena are observed.
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5 Example 28: Determination of the dielectric constant of

polymer 1

The test setup used for determining thg dielectric
constant is shown in fig. 1. The polymer 1 is dissolved
10 in NMP (25% strength solution) and the solution 1is
filtered under pressure over a membrane having 0.2 um
pores. This solution is applied by spin coating to a
substrate 1 on which a 600 nm thick Ti layer 2 is
already present. The layer 3 is dried at 120°C and
15 200°C, in each case for 2 min, on a hotplate and then
heated at 430°C for one hour in a nitrogen atmosphere.
Titanium electrodes 4 are then applied to this layer 3
by sputtering via a shadow mask shown in fig. 2. For
this purpose, the shadow mask shown in fig. 2 comprises
20 apertures 5 which correspond in their dimensions and in
their arrangement to the titanium electrodes 4. The
dielectric constant is determined using the impedance
spectrometer 6, and is determined as 2.41 in a
frequency range from 100 Hz to 1 MHz.
25
Example 29: Determination of the dielectric constant of

polymer 2

The determination of the dielectric constant of polymer
30 2 is effected analogously to example 28 and gives a
value of 2.55.

Example 30: Determination of the dielectric constant of
polymer 3
35
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109 ()-&[1 value of 2.38.

5 Example 31: Determination of the dielectric constant of

polymer 4

The determination of the dielectric constant of polymer
4 1is effected analogously to example 28 and gives a
10 value of 2.6.

Example 32: Determination of thé dielectric constant of
polymer 8

15 The determination of the dielectric constant of polymer
10 is effected analogously to example 28 and gives a

value of 2.41.

Example 33: Comparative example for dielectric constant

20
A test carried out according to example 28 with a
polymer which was prepared analogously to example 1 of
US 5,077,378 gives a dielectric constant of 3.1 in the
frequency range from 100 Hz to 1 MHz.

25

Example 34: Determination of the water absorption

The polymer 1 is applied by spin coating from 20%
strength solution (solvent NMP) to a 4" silicon wafer
30 of known mass, for 5 s at 500 rpm and for 25 s at
3 500 rpm. After a short softbake for 1 min at 120°C on
a hotplate, the wafer is heated for 1 h at 400°C in a
nitrogen atmosphere in an oven. The mass of polymer 1
is determined by means of an AT261 Delta Range

35 analytical balance.
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The coated wafer is then stored for 10 h at 80°C in
water. After the water has been blown off, a further
weight determination i1s carried out. The percentage
water absorption, based on the mass of polybenzoxazole,

5 is calculated from the mass difference.
Water absorption determined: 0.75%

Example 35

10
A silicon wafer which was coated first with a Ti-W
adhesion-promoting layer (100 nim) and then with copper
(500 nm) by sputtering is used for this example.

15 The solution of polymer 1, which was synthesized
according to example 1, is ©prepared according to
example 12, filtered, applied to a wafer (Cu surface)
by means of a syringe and uniformly distributed by
means of a spin coater. The polymer is then heated on a

20 hotplate for 1 min at 120°C and for 2 min to 200°C. The
coated wafer is then heated under nitrogen or argon in
an oven for 60 min to 425°C. The surface of the
polyvbenzoxazole film obtained in this manner proves to
be smooth and clean on microscopic investigation. No

25 copper particles or clusters are detectable on the

surface.

The test is repeated with polymers 2 to 10. The result
remains the same. Copper diffusion is not detectable in
30 the case of any polymer.

Example 36 (comparative example)
The test from example 35 is repeated in exactly the

35 same way, except that this time a polymer from
EP 0264678 (example 1) is used. After heating, the
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copper which has diffused through is visible on the

surface of the resulting polybenzoxazole film.
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99" GL0% & ()- &9 GLO% & ()- &9 GL0% & ()- & E9 GLO% & () - &9 GLO% & () - &5#6#;
#=#DHE#IHL#DL, 49 GH%S a9 GL0% & ()- & E9 GL0% & ()- &9 GL0% & ()- &9 GL0%
| & () - & EL#RESHXHZH #akt #eGr49° GL0% & ()-& E9° GL0% & ()-&9° GL0% & () - &9 GLO
% & ()-& E9° GLO% & () - & #h#n#o#t #v#| #eE+49" GLO% & ()-9° GLO% & () - &9° GLO% &
()-89° G109 & ()-8 Ead ol Hykirkde,GhIey df) -t et} gttt , 49° GLO% & () - &9°
GLO% & ()-& E9" GLO% & ()-&9 GL0% & () - &9 GLO% & () - & Ef#HHH#E ' ' dW=9" GL0%L0
8" 108" 0108" LS&109%8" & () -

Lof #1098" & () 9 GLO% & (9 - & E9 41|[ WJ
9" 109" & ( [@ﬁmgg) f() %'_%o %
L@! 109" & () LPO%K" & ()™ |ob -—N—}——A

L10%<&()5f |_9 910%K" & ()- 9° 10%(& ()- &> 10%(&() & . /05222|[ busa L

*s$m' 1096 &2() - L# 10% & ()- 5 mM10%& ()- CmM10% & ()- n'10% & ()-

m' 10% & () - 234J5K5L5I\/5P5D6vU4 L@rL! 109 & () - L 109 & ()-10"10"10"

/158 10% & ()- *0's$nt 1096 & ()- /+ sSrbape & £)-D667889| | [:vU4 L
"m10% & ()- L %"m10% & ()- L" mlo%&() 5°1"10%! ~& () -

1 "10% !t & () - | 10%-! ~& ()-|:; #<$<Uc&<) <<=vU4 " &' 1098" & () -

&' 1098" & ()-S Ls&EQUEHE ch):- 10~! ~10~1 ~10~1 ~ 5", 2ni 10%-! ~& () -

, 2 109 & () - =>??7@XA-] <vU4  *L-nt 1098" & () -

LI %' 10 P& ()- LI % 100& ()-° LL$ 10%3&() 0 & 1098"& ()-S
&' 1098" &() SxAB‘Y@(ﬁZ);O*C—CCD\/U4 “&"10%!j & ()-& B& 10%! o0& () -
L10%! y& ()-'108"108"108" 5'L-n'1098"& ()- 5 L-nt1098"& () - DF]GG H

= |_010%&() ZB :F(m109M M& ()-'L =F(ni10% ! 1&() 5 &" 109

U &"10YR R& ()- /H & 10% !\ & % (

L10% & ()-10y y10y! y10y!y LL

10%!y& ()-.1:1olullhJOK|[:v 8

OLY"10% !t & ()- Lt 10%& ()- @Lt 10% & ()- @/ qlo%& () @K L HMVNNNNNN| obU4

|_ 10%&() 10! 10! 10! L® 10%&() L/&"10% & ()- 4& '1098 & ()-L
"10%-! ~& ()-LNT PQRS :bya L > St 10% & ()- *: Sm 1098 & ()-

-sm 10% &1F) - / & 9" ¥0os @n¢) -Y 9" 1avs £30R msm%l&@eg@mﬂuzum%um

F110%8& () - L&10% $h&ckhell! HAVED 1R BHm0Wekir{ing as Y2, and are
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22n 1098 & ()- 4 Sni 109 & () - VWW3WN ZOvU4 LYY 109% $f & ()-: L10% $f& ()-S
=" 109W W& ()-b!, F 109FxFx& ()-b Lft 109 $f & () -

11098& () - WK/ YY' ZZZZZ| [ NAGLO: $: 10: $: 10: $:  ° YAG' 10% $: & () -

LYAG' 109% $f & ()- 4 *Z"109%6$6& ()- /*Z"10% $I & () -

L YY" 10% $f & ()-:2Z~[\]]i~|[:NA410 |"10%!t& ()- L "10% ()-

9'"10%! p& ()- 4 "10% & ()- 4"10% & ()- LAO0% & ()-i"m__Z .aaal[:-410~! ~
*& O 10%-! ~& ()-& O 10% !t& ()-& LOM 10% & ()-& L-S10% & ()-
J1°1"109% & ()- 5 1"10%!t& ()- aaaabbcchA410~1~ * L10% & ()- LF"10% & ()-
L' s10% & ()- L&LQ% & ()-- L 10% & ()-10~! ~10~! ~ccSddddd| [: A410~! ~ L +
109% & ()- L)10% & L&T10% & ()- L" mlo%&()&@leo%&() @

L10% & () - de/ eCeFgCe Le| 10 LLLTOYS 0"10"10" W& ()- L
010% & ()-T ' 0109 ( y, |l 10% & () -8 ee|[:bU410 %" & () -
LL1098" & ()-- Lt109%N&' ()- BeJd109" & ()- mB=t0%T%& ()- *

L' 1098" & ()-Sef fof <F TETW | [ HU410 L Ls(109%8" & ()- b "3 10%"& ()- 0°"3
10%!: & ()- LL&LIOWB" & ()-@Ls 109" & ()- LY1I09" & ()-COWZfwfffff|[:bU4Ll0 L
L"810%%" & ()- L@F10%& ()- L&S, Z1098" & () - L910‘V$ & ()- L&) 1098" & () -

L y/ 109" & ()-fffffff2galyX710 L.210% & (RA L10% & ()-B°LYs10% & () -

L10% & () - 108" 10$"1 1098" & --4979999 yX? LY( 2 )- |
F'f10% & () - F"fl &B& k) - LEIPA & )*fl* s10 *

LlO% & ()- ggghhhhhh 0 10qg! 'g(10g! %! 1 Ug& () -

"34910%! g& ()-1 L', FY@O0%& ()- L) 109 & () - ghhRhnhohfh] [ : VI 210
LA010% & ()- L10% & ()- @LYS10% & ()- L9&S10% & ()-M. L 10% & ()- @
LL10% & ()~ hhhi i I8 | [ VI <10 (k- L- 10% & ()- L&L0% & ()-
L#108 & ()= 1 LYIO%& ()=~ L109& ()" i B Pi vigiiiii|[NA41010) 10| 10!
L5@0% & ()- LI'Y - ‘

] L %’.)l(.&
LGS 1070 [s®&09 & () 109 & ()- H,F t)%4 (t)z-
L@O%&() 1 L10% () -y L&109% &%) -jjj) ikl |[: NA41010 :° mlo%!f&'()-
'm 10%! ~& ()- /' m'10% & () - L9$10%&() 1 L"10% & ()-
0%&()-|>n1>rr@rAerrmnovu410 1 "10% Nt & ()

R R}
Tootoos
7', 2? and Z?, in each case independently, are
*
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w
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X CRL X0
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"10% 1t & ()- "10%! y& ()- L910% & ()-10t!t10t!t10t!t

, ' mi0% !t & () orrpp9qErTs|s}s|[ -410w L&' 109%& ()-3 9 &nmi'10%p! p& () - 3%
8" &M 109 & ()-3L 4&mM' 109 & ()-3 L$s10B & ()- %0 |

"10%!y& ()-}s~sssssstbA410w L /nf'10% !\ & ()- Ls10%!'y& ()- L 10%!y& ()-

L10%! y& ()-S L&L0%! y& () - 10wlowt uvwyww; x| [ : A410w 8- nt 10%! e&' () -
L*10%! y& ()- L&LO%!y& ()-T L nf 10%Yy& ()= C ni'10%! 2& ()-

5 m 109M M& ()-;nyyyyyylesz410 L109%% 'fc&-( L 10%8!'f& ()-f
L9109 ! f & ()-10D! D10OD! D10D! D > - nf 109! D& () - 5 - ni 1094V Mg () Uzz| } ~
~v~|[:vUA10 L Lf,10%!f& ()-@ L+ 10%!f& ()-L D nt'10% | &

9" 100! 1& () - 3.mAQ%6! 68) v/ M 10%4] & () xg~~n| 0bUj
L9109% & ()-10D! D10 *@» s3nd L’;sm 109NAR
10%!f&'()- L0109%4%& “ hato T 10%&( 3054 -§)-@

“8"1098 & ()- *&'10% 1t& ()- 1& 10% & ()- 2N Fhi|[:

L7Z 104 & ()-@ *+ L!m'10%! ~& ()- /& L!nf10% & () - /+ M g
hL!nt109% & ()-ijkn*bA410IL L 01 "10%G'G& ()- 90'| "B0A"L& ()- 1 I
"10%/ V& ()- 4l "109%"[& ()- L109%"s& ()-10!10!5x+, |[:-410A"AL

@y) gH10%A" A& ()-3 - ') g#1l0%™" T&' () 'y) g#L0%" T& ()-3 Xy) g#10% & ()-3
L&10%s" s& ()- L"Z"10%"S& ()-S, - . 1ph 1per y" 109" & ()- L 1098" & ()-
L@Y ! 109" & ()-S L' 109%"& ()-S L 109 LOA" ApKN] e| [ : A410A" AL
L89610%5" & ()-S 8" y" 109" & ()- ?‘ - x> T y"1098" & () -
4Cy"1098"& ()- = y"1098"& ()-9: & 10%@g ()- & 10%! & () -
LL10%@x! @& ()-10$" 10$" 10$" L% :210%5' g ' Y| [:vU4l10 L
4+7"109%! & ()-- L&I0%@&X! @& (SR L ; AU X! (& ()-& L
109! @' ()- L10%&X! @& () «+@ w kFS10% & () -
L1098 & () - 10x! 10x! 10x! *&2 "Mewsd & ()- S+<@[:v1410 L 109%;& () -L
[8210%! a& ()-3L LO Y 10% & ()-L Y 109 ()- L LKLO% & ()- L3
109 & () - @Yh|[: vU410 L b+,

-QO%& () L%

A, if a = 0 and/or d = 1, 1is
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1098& ()-L L,Bl10% & ()-L < 0,4 10%& ()-L E ,4 10%& ()- f10%Ma& () -

Lf 1098& ()-YST|[:-410'L L S510% & ()-L Ls(10% & ()- L L 10%& ()- L [-10%

& ()- -10%&' ()- o, 109%&' ()-TUVY$9UbA410!L L >2"10% & ()-@: ni'10% & () -

"M 10% & ()- mM10% & ()- L10% & ()-10!10'U }|[: A410!L Ls8 10% & () -

L9610% & ()-f 4! s#m'10% & ()-L /+ s#m 10% & ()-L 40s#nt 10% & () -

LVI 10% & ()- @U410 L&L0YB" & ()-S Ls1098" &f)- L&L0YB" & ()--

L1098" & ()-10"10"10" L9F: 10% & ()-SMi|[:vU410 L 4" LY"m 1098" & ()-L

LY'nf1098"& ()-L LLY'ni1098"& ()-L 5 @"109%8"& ()-& *"@"10%"& ()- &

L' @"1098" & ()- &\WKYZ] vUA10  110% $": & () - L&LO%"& ()-108"108" 108" L
“LLONt 109%8" & ()-M " LLONt 1098" & () - M LLLON 1098" & () M B| [: vU410

S&Y" 1098" & ()-L Ls"¥ 1098 "k ad@T 1= 109618 ()-L 2" 109" & ()-

LyZ"109%8"& ()- @ !10% $"' & ()-_T| obU410 L10% & ()-10$" 10$" 10$"

*&CAY'1098"& ()-L *74Y" 109" & ()- L' O0Y'109%6"& ()-S @ s&Y" 109" & ()-

=[KI ~A@U410 L' " $6" 1090k 6 0@_&{@ & 10 ’
L[10%&()-ImJ*6 10%&()(2)6p10%/f.&() 1’0%?()(2) 6|O ﬁg %sz 10% & ()
_p6"10% & ()-pl L, 6"10% & () - p6" 10%&() 4y "6"10% & ()-p6" PO & () - p6" 10% &

§)567eG+6 109% & () - p' 0% & ()-p6"1 %&( -p6"10% & ()-p' "6"10% & ()-p7IVW
Xq} eE+6" 10% & () - 6" 1’00 ()-p6" 10 & ()+p"N—6:'-10%C&I () - p6" 10%&
' ()-p}~hL, 6"10% & () - p6" 10%&() ﬁ%&() p6" 10%’&(1'&}3 18% & ()-p’

G+6" 109 & ()-p' "6"10% & () - p6" 10%&() p6" 10% & ()-p' " 6"10% & () - pYeE+6" 10%

1& ()-6"10% & () - p6" 10%&() p6 109 & ()-p; " - 6" 10% & () - p6" 10%&() p%&) " ab
ct| PO6"10% & () - p6" 10%& o W6" 10%&() F 109 & () - p6" 1LQ%& ) -p' "t uvwi H
06"10% : ' ni 1004" &-N- 109" & () -

't 109%8L" &&' () - 6" 10% 6 109 & W |4 ¥ 10%8 -

| mf1098" & ()-1 F 1098" & () @10%3 & (B~ 101L" 1101L 1101L"1

f8109AL" 1& () - D% { Z9vUA4 "1098"& ()-Y wo*l"1098"& ()-Y |!Y'1098" & ()-
lY'lO%&()-"Y‘lO%S&()- : m10%3 &()-I/}~VU4 '10%& () - ( ! 10%¢& () - (

21 10%8sS& ()-( L10%t& () - ( 08"108"108" ro*1"1098" & ()-W\|[: v
610%#& ()5S " 0Y" 10%4& ()-? w>' "109%& ()- + "10%& ()- C "10%& ()-
"10%:& ()-"fvUs 23096 & ()- 110% & ()-S L10% " & ()-

&10%"‘&'()-10#10#10# 8 10%& ()-(|[:vU4 "*10% " & ()- &YW0% " & ()-
"$10% " & ()- 9" 10% " & ()- wesY'10%"+& ()- 910% " & ()- @1rmopsHvu4
31 1004V " V\&()- 00y &% () -10""" 10" “L/ ' 10% "
L/mlocVQQ&() *()-Hr? 0046 " & () -»

Y10%&s "
" &108&r " &108r " 0%&r " && ()- 4" T0%&T()-

109%&r " &&' () -
> 31 109%R&& () - ES! ]
L/ m 10%&r " &&' () - : :
s1099"9&' ()- "~ 109K 94 4010 * 187&
LLGLOY®" 9&' () - P\ s SFF" 0% & () -f $10003% 3
s1090"9& ()-' *5?M Z9vU4 3. 1099"9& ()- (
| Y1099! 9& () - ! h! 910%m& ()-: 910% ) & ()-:
F610% '& ()-: ~F6109@"9& ()-: "/1098"9& ()-y /109@"9& ()-y 3. 10909& ()-
23.710% & () - y| [NA410 10 10  p' T10% & ()- 7 'T10%& ()- a ' 10% & ()- 1'10%
& ()- P 10% & ()-|[:NA4L10 }-

'Y10% & ()- X
L& 1099" 9&' () - M f nwy| [ vU4



10%"& ()-  109R&& () - 109 && ()- 109% & ()- _F 109%& ()-z
&s10%8r " && () -1 P44 10%"& ()-Z" 10%"& ()-Z 10% " & ()-Z 10% " & ()-Z
10%"& ()-Z 10%"& ()-Z 10%"& ()-Z "#$% P44 10%"& ()-Z" 10%"& ()-Z
109" & ()-Z 10%"& ()-Z 10%"& ()-Z 10%"& ()-Z 10% " & () - Z9&(*, - f F*P4
10%"& ()-Z 10%"& ()-Z 10%"& ()-Z 10%"& ()-ZY ( gWF_-/12468cCA

48

W is
CH CH
/0 P addy:|
w *—CN *—C{i -\-—C\—CH3 *+§+1 CH,
CH, CH, 2

s—f—crr=—cr, *—Q—{"gz—)-;cn, w=g—f—crr=—cr,

*—Q—§:§=CH2 t'—g:CHz *»—C=CH *—'CEC‘@



10%"& () 10%"& ()-Z 10%"& ()-Z 10%"& ()-Z 10%"& ()-Z 10%"& ()-Z
10% " & ()-Z8:;=?ABcG4 10%"& () 10%"& ()-Z 10%"& ()-Z 10%"& ()-Z
10%"& ()-Z 10%"& ()-Z 10% " & ()-ZBDEGH i MLG4 10% "& ()-Z 10%"& ()-Z
109% " & ()-2ZY ( gWF_ 10% " & () - ZI KMNOQSTgG+ 10% "& ()-Z 10% " & ()-Z
10%"& ()-Z 10%"& ()-Z 10% "& ()-Z
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o\\c H A __C/CH3 \\C_’gz
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R is



10% " & ()-Z 10% " & ()-ZTVXYZ[|.gG+ 10%"& ()-ZY ( qWF_ 10%"& ()-Z
10% " & ()-Z 10%"& ()-Z[|[:+ 10% /3109 H& ()- P/ 3109% Pf& ()- p/ 109%& ()- F
F40% & ()- F FI940% & ()- qF F9409%& ()-zY8 10 3 109 ()-- 109K & ()--10 10
10°/10% & ()- 5s10% & ()- &3s10% & ()-s|[:zY8 10 2109 & ()- 109K & () -

L' MLO9X & ()-° 9109 & ()- &s109%& ()- &s10% & ()- @ gn{Z8zY8 10! >!

10%EE& ()-s sO 109K & ()-s!0 109%1}& ()-S dg 10% & ()-s S 109K & ()-s

109& ()-sz[MP1 10 10 109109%& ()-! 109%& ()-s!R

o e )
2
i i
—c—~c:—%c:—)—cH3 *—c—o—(—g—}f—Q
2

.
r

R? is -H, -CF;, -OH, -SH, -COOH, -N(R°);, an alkyl
group, an aryl group, a heteroaryl group and

+—C=CH »=—C=CH, ¢ —0=C— +—Q—C—C=CH,
g H, H

\
/
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w0
Q R
W Y
*‘Q—‘@ *— l N
o) \R‘ 0
0 4 Q
>_/R o
Yt | Mo
F\ *—-Q 2
‘
o) R 0
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10%/Y& ()-s E 10%& ()-s 109 ()-s|[:MP1 10 10%& ()- “y910% & ()- '_s 10%
& ()-T -10%& ()- 9 10% & ()- s10% & ()-$& 9HL|[: M1 10 9S10%&' ()- 910%
& ()- 10% & ()- sYL0%& ()- ,&ML0% & ()- @0% & ()-LNPRSTUXZ'? 10 3 "10%
& ()-> &10% & ()-1010-10S ! 10%& ()- @ 10%&' ()-9! 10%& () -2\ ekozY7 ? 10!
g10%& ()- 0 g10% & ()- g10%& ()--!f0 g10%J U & ()-! g1l0%}& ()- ' " 10%
& ()-L1zX7°? 10 OY F(GL0% & ()-!Y F(GLO%&' ()- ¥B810% & ()-- '"ML0% & () -
s10% & ()-'! gloRt2t& ()-'#; | KMxZ] @? 16°03 10% & ()-3 10% & ()-M 3t 10%
& ()-- @/10%B& () -

R

| _ { \ |
k== C=C e —C==C~— * ( CFz 5 * *—Cl?**

R



110% & ()-!'Y F(GL0% & ()-OQSTUVYdI}\; 10 9 S109%&Z9% Z& ()-M : 09 S10%
& ()-Ms109%Z% Z& ()-10 010 10 10% & ()-3 10% & ()-Inr|[:}\: 10

1 1092% Z& ()- ?! 109 ()- 0S109Z% z& ()-° SL0A & ()-°  109%ZgZ& ()-)
1090& ()-|[:}\; 10 R3y109R&& ()- 0 109%&Z& ()-y 10986 & ()-y vi 109%Z-
Z& ()- 10%ZZ& ()-@ Fl0%A& ()-@[:}\; 10 ,m 10% & ()- RP 10%&: &&' ()-g
' 1092128 ()-g @O0%WE & ()-z c@OWZ& ()-2z),3y109%% Z& ()-3|[:}\; 10
0*T10%848 & ()- ~*T109R ! R& ()- ,8-10%48 & ()- ' @O0%% Z& ()- , m 10%& ()-)
H, m 100! Z& () - 38MIUVWZr sR1 0109 & ()--  10%Q & () - 102% Z10Z% 2102%'2

9109%2Z% Z& ()-! p* TLO%&! ((j)_ *T10°/<Z & &!‘ﬂ[ sR1 0 YlOO/Q 1096
& ()-s% 10%&'() S V& *|* £ 100 5%7 F3sR1 0

@109 () - Ylo%g&'() %|-10%3&'() F>|-10%y&'() LSlO%J&'() z
| 109 & ()- " m{Z9sRl )z10%& ()-@F )z10%Q F& ()-@

H2

R® ig an alkyl, an aryl or a heteroaryl radical;

-
14

5 a is 0 or 1;
b is 1 - 200;
c is 0 - 200;
d is 0 or 1;
e is 0 - 10;
10 f is 0 - 10;
g is 0 - 10;
his 1 - 10;
nis 0 or 1;
15 X being 0 - 10 if R® is -CH,-.

2. The poly-o-hydroxyamide as claimed in claim 1,
wherein at least one of the following conditions
applies:

20
= 5 - 50;
c =0 - 50.
3. The poly-o-hydroxyamide as claimed in claim 1 or
25 2, wherein the following applies:
n=1
4, The poly-o-hydroxyamide as claimed in any of the
30 preceding claims, wherein further repeating units

which are thermally labile and liberate a gas on



#g10%& ()- #910%& ()-!Z #910%& ()- q #0 @10%Q q& ()-|[:sRl

)10% & ()-@)10%& ()-@ 210%Q & ()- o 210%0& ()- 2109%Q & ()-
0)z109%Q & ()-@U3 ! '10% = & ()-S 10% ()-10Q 10Q 10Q ;S109Q & ()- 2
109 ()- 2 10%v& ()-B{{Z9vU3 ! '109BB& ()-S '10%& ()-S!'j '109%& ()-S $
'10%j x& ()-S > '10% & ()-S IF ' 10%& () - S/’>P|[ vl3 | - 10%K=K& () -
81096 * & ()- &10%& ()- P9!10%& ()- & 10%& ()-: & 10%& ()-:P fghilvUad !
<1109 ()-2 1107 1"10% @& ()-2 L 10%& é& ()-101010 9410%&'() -
10%2Z=& ()-G IlywsvU4 | " 1"10% && ()-2! " 1"10%a& ()-2 B: 1"10% & ()-21
1M109%8&& () -2! G T hed PYhig&alk PQvild e“é)“/ﬁ.rt S ha -Bd 3?1§2hy2£r6 a(ﬁée( bt
L10%Q & ()-- 109 & () - 108 &108 8108 & "1 1098 & )-21° T 10%a& () - 2;
[:t1S2 X 909 & Eye @%é%() - &@L0%Q & () -& VO10W/Q V& () -
&M109Q & ()-@°

5. The poly-o-hydroxyamide as claimed in claim 4,
5 wherein the thermally labile repeating units are
arranged as a block in the poly-o-hydroxyamide of

the formula I.

6. A polybenzoxazole obtained from a poly-o-~
10 hydroxyamide as claimed in any of claims 1 to 5.
7. A process for the preparation of ©poly-o-

hydroxyamides of the formula I, wherein at least

one monomer of the formula II

15
i
HaN""%""NH2
oR*
Formula II
20 in which 2 is 2, 2% or 23, and 2Z', 2%, 2% and R'
have the meaning stated in claim 1,
is reacted with at. least one dicarboxylic acid or
one activated dicarboxylic acid derivative of the
25 formula III
Q 0
L L

Formula IIT
30
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11. A process for the production of an electronic

component as claimed in c¢laim 10, wherein a
solution of a poly-o-hydroxyamide of the formula I
in a solvent is prepared, the solution is applied
20 to a substrate and the solvent is evaporated so
that a film is obtained, the film is heated in
order to cyclize the poly-o-hydroxyamide of the
formula I to give the polybenzoxazole as claimed
in claim 6 and the film is structured in order to
25 obtain a resist structure which has trenches and
contact holes, a conductive material is deposited
on the resist structure so that the trenches and
contact holes are filled with the conductive
material, and excess conductive material is

30 removed.

12. A process for the production of an electronic
component as claimed in c¢laim 10, wherein a

solution of a poly-o-hydroxyamide of the formula I

35 in a solvent is prepared, the solution is applied
to a substrate which has, on its surface, metallic

structures between which trenches and contact
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13.
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holes are arranged, the solvent is evaporated so
that the trenches and contact holes are filled
with the poly-o-hydroxyamide of the formula I, and
the substrate is heated in order to cyclize the
poly-o-hydroxyamide of the formula I to the

polybenzoxazole as claimed in claim 6.

The process as claimed in either of claims 11 and
12, wherein a porogen is added to the solution of

the poly-o-hydroxyamide of the formula I.



