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In order to avoid an inductive disturbance of signals

which is caused by capacitive coupling, conductor

tracks adjacent to one another in microchips are

insulated from one another by a dielectric arranged
between the conductor tracks. Materials which are to be
used as a dielectric must meet various requirements.
Thus, the signal transit time in microchips depends
both on the material of the conductor track and on the
dielectric which is arranged 'between the conductor

tracks. The lower the dielectric constant of the

- dielectric, the shorter, too, is the signal transit

25

time. The silica-based dielectrics used to date have a
dielectric constant of about 4. These materials are
gradually being replaced by organic dielectrics which
have a substantially lower dielectric constant. The

~dielectric constant of these materials is generally
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below 3.

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

resistance in comparison with aluminum. Copper permits
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-shorter signal transit times and hence a reduction in the condH(‘zt ﬁﬁV tmck
cross section. In contrast to the techniques customary to date, “i h  which
the dielectric is- filled into the trenches between the conductor 5 tracks,
-in the copper damascene technique the dielectric is first structured. The
resulting trenches are first coated wwth a very thin barrier which
consi'sts, for exanple, of titanium titapiumnitride, tantalum tantalum
nitride, silicon carbide, silicon 10 nitride or silicon carbonitride.
Thereafter, the trenches are first filled with copper and then excess

copper is nechemmadt yshgnanhd tasaisitTheidee! eeld igemist at RYgiaQrie,be; st abl e
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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
35 to electronic components in a simple manner by means of

the spin-coating technique. After a thermal treatment
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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. 1In this case, however, there are as a rule

5 difficulties with the solubility of the polymer. Building
blocks for poly-o-hydroxyamides are described, for example, in
DE 100 11 608.

In order to be able to house as large a number of componentg as
10 possible on the surface of a microchip, the components must have
as small a space requirement as possible on the chip surface.
In order nevertheless to be able to ensure sufficient
operability of the components, increasing use is made of the
depth of the substrate, i.e. the components have a small area at
15 the chip surface while their dimension perpendicular to the chip
surface increases. In the production of the microchips, it is
therefore increasingly necessary to process trenches having a
high aspect ratio. Thus, for example, the dielectric must also
be capable of being filled without formation of bubbles or
20 cracks in narrow and deep trenches. The aspect ratios of the
trenches to be filled may be up to more than 4, the width of the

trenches being, for example, only from 100 nm to 200 nm.

The invention aims to provide novel polymers which can be
25 readily applied to electronic components. The invention further
aims to provide novel polymers which have a very good electronic
insulation effect after their cyclization, and exhibit
sufficient stability to chemicals and high temperatures and good
adhesion and filling properties.
30
According to the invention in one aspect, there is provided a

poly-o-hydroxyamide of the formula I:
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is -H, an alkyl group having 1 to 10 carbon atoms,
an aryl group or a'heteroaryl group;

R’ and RY, in each case independently, are a substituted
15 or unsubstituted alkylene, arylene or
cycloalkylene group;



.10 15 20 25 30 35 aisO- 50;fisOor 1;gis0O- 100; hisO- 100;ii s0- 10 kISO ap
lisl- 10;msl- 10; g and h not sinultaneously being 0 and, if R

= 0 - 10. The pol y-o-hydroxyam des of the forrmula | according to the
-invention can be very readily filled even into narrow trenches having a
hi gh aspect ratio and cyclized by heating. The filled trenches have no
defects at all, such as bubbles or cracks. The, polybenzoxazol es obtai ned
after the cyclization have dielectric' constants of |less than 2.7 and are
therefore very suitable as an electrical insulator. The adhesion of the

pol ybenzoxazolg® grepared fromthe pol y-ohydroxyam de of the fornula | to
surfaces relevant for chip technol ogy, such as silicon, silicon carbide,
silicon carbonitride, silicon nitride, silica, titanium tantalum titanium
nitride, tantalumnitride or silicgn ox nltrlde is very good. Furthernore,
t he pol ybenzoxazol es have*hifigh re s&sf nge o ch Fysed in the
production of mcrochips, such as solﬁents) strlppers bases, acids or
aggressi ve gases.. The polyner materials are therefore very suitable for

m croel ectronic applications. An addition, the materials are al so

out standingly suitable for per damascen t £ {que. During the
copper grinding process, no disaffvant ageous &f s @Ccur, such as

del am nation, cracking or bubble formation. The po Y, ohydroxyanldes of the
formula I, according to the 0 2 NOV QU04 16 invention, are very readily
~soluble in many organic solvents. For exanple, acetone, cyclohexanone,

di et hyl ene gl )Péol mmo-Hand—(lmet hyoH et heH,, N-mmyl Pxr(R8} i dogs, alk
"y-butyrol act one, %&h I d %ﬁé}o thoxy | acetate, tetrahy&?ofuran
et hyl acetate and ures sal soﬁ%éﬂﬁ% be used as solvents": The
sol utions can be very readily applied to surfaces of electronic conponents,
for exanple by a spin coating, spraying or dippkag nethod, and have a very
good film 10 quatcEcH Even L#-@Bﬁd}{.;,s havjne=a @ of Ies 1%ae_]c(glo nm and
an aspect ratio of > 4 can beHfillfed without d ul tiés.

pol y- o- hydr oxyam des of the fornmula I, according to the i nvenition, can be
cyclized by heating to tenperatures of from 200 to 500C. In spite 15 of the
elimnation of water, no formation of defects, such as cracks, in the
filled trenches is oliserved. The structuralounit ML, NQ MB, M4, MS and Mo
may be randomy dis uted i nvt hg pol ynmer. NdoweVer, it “209ﬁ|50
possi bl e, by blog Iynerlzéilﬁn, to prodﬁcéﬁsegnents i - The pol ymer

whi ch are forneézonly from#a Part ©f: t he yefeat iCy unit s—dl t ociin,
Accordi ng to orre enbodi nent, the polyner nmay conprise only thefuni{s M2, it
bei ng possible for the ends of the polymer chain to 25 be term nated by the
groups ML and Mb or the termnal groups A The properties of the polyner
can be varied by optlonally prOV| ing t e nepeatlng units M to Mb in the

pol ymer. The cha| ter by e n s a, %, nd f can
be controlled bl /rrea Stoi ¢hionety i 0s gﬁ"‘i$| ng
materials and fh& reactlon nditions in the pr r aten th

pol y- ohydr oxyam de of the f’ mula I. In such a polynerlzatlon

di stribution of the chain lengths is of course obtained, the reactlon bei ng
carried out in 35 such a way that the average chain Iength is wthin the
val ue ranges stated above for the indices a go f. A 0 z Nov zoos

(o]
W >m_/R
* _Q-—@ =N, * N
) AN
0 R’ 0
0] RS 0

10 0



.m narrow nol ecul ar wei ght distribution of the polyners is striygp éﬁr For
the index b, the reaction is controlled in such a way that val ZFHe
range from1l to 200g preferably from5 to 100, result. For the 5 index c,
-the reaction is controlled in such a way that values in the range fromO to
200, preferably fromO to 50,. result. For the index d, the reaction is
carried out in such a .way that values hgtween O and 50, preferably between
0 and 20, result. Finally, for the 10. index e, the reaction is carried out
in such a way that values fromO to 50, preferably fromO to 20, result.
The nol ecul ar meights and averaged chain | engths can be determ ned by
customary net heds r el, perpmeation chromatog hy (GPC). 15 The
structure of ?erﬁlnar gpoupng i sTPnf | uefeed Ihe‘ﬁgrn@ﬁél groups M
or M6 . For a - 0 or f - 1, the termnal group Ai s bonded to an NH group
If a- 1or f Qz Ais bonded to a CO group. The term nal groups A 20
can be |ntroduced Pnto t he pol ymer via corresponding activated gfecursors,
e.g. acid chlorlde$=av—hal|des~@thydrOX|des gﬁLges In |nd| |dual
segnents, the pono-h&droxyanide of the fornul can Be varled| Within w de
limts. Thus, alkyl groups having 1 to 10 carbon 25 atons can b& used for
R2, it being possible for these alkyl groups to be straight-chain or
branched, or even to b@apresent;as aring, fgr exanple as a ﬁyclohexyl ring
or cyclopentyl ring, If R2 IS Q&gsent as an ar§ group, [this|preferably
conprises 6 to 12 carbon atom¥, 130%it b&TTY Si*bl e toﬁlﬁﬁHEVHdual
hydr ogen at oms of theCparent stﬁhctures aISOR%o be repl ated RY al kyl
groups, in particular methyl groups. Heteroaryl groups which may be used
for Rz are groups having 4 to 10 carbon atons, preferably 1 or 2 nitrogen
atons being present 35 |%\the ring as hetero atons. However, 'other het er o

atons may al so be?use ih as, fog_exanple, XY 2Q_ or Q 2 2q04 18
sul fur. The het F%zzzsgﬁgal P b| v c;np dt | east_of or
6- menbered ring. radi cal s and/ or R S it uted or
unsubstituted al kyl ene, aryl ene or cycloalkylene groups may be used. The
al kyl ene groups preferably conprise 1 to 10 carbon atons and may be |inear
or branched. Particularly preferably, R3 is a nethylene or et hyl ene group.

The aryl ene groups preferably conprise 6 to 10 _10 carbon atons, here. too
' -ggﬁ’atons t he aromatic parent

it being possible for do¥idual hyd

structure to bg.sglh (X ed Qx_glk g{ oups ha |n N1 to 1p garvon at ons,

met hyl group preferak pbei ng usSed 6. G olipd hayi ng*BR o ar bon atons
are preferably used 15 as cycl oal kyl'ene groups, WNhese groups—pfeferably
conprising 5- and/or 6-nenbered rings. In the radicals R3 and/or R4, in

general individual hydrogen atons of the carbon skel eton can be substituted
by groups haV|ng‘§pm1hetero at ons, f exanpl e_hal i des, hydroxyl groups 20

or , amno groupsl ? "\t he gr/Gop 3 al kyl o haV|no to‘%@ car bon
atoms can Ilkemnﬁe #e00— o'peSS|bkeC q&—be | i near
or branched. Arylcugr oups whi ch—rely he; used ar S haV|-- erably 6

to |2 carbon atons, it being pOSS|bIe3for 25 |ﬁd|V|duaI hydrogen Fat ons” of
the aromaiic carbon skeleton to be substituted by al kyl groups having 1 to
10 carbon atons. teroaryl g oups?yhich may beﬁysed are groups i ch have
4 to 12 carbon at , T exanpl e af dns as
hetero atoms in Séb Sy e*m As aledd ' 7=l

pol ybenzoxazol es oty alT ‘heca?ly o- hydr 6 v mula | by
cyclization have advant ageous properties with respect 35 to the héat

resi stance, the nechanical strength and the electrical insulation effect.

0 2 NOV . 20%%

.is an alkyl group having 1 to 10 carbon atoms, an

aryl group or a heteroaryl group;

10
a is 0 or 1;
b is 1 - 200;
c is 0 - 200;
d

is 0 - 50;



.19 The .invention therefore also relates to pol ybenzoxazol es mh'g? are

obt ai ned from pol y- ohydroxyam des of the fornmula |I. The nechani W%kﬂng 5
place in the cyclization of poly-o-hydroxyani des of the fornula I to
-pol ybenzoxazol es is showmn schematically below H = N-II'" C ~ OH~ H2~ + '~

D 10 On heating, the o-hydroxyam de undergoes cyclization to give the
oxazol e, water being Iiberated.‘SurprisH@gly, no bubbl es or cracks are
formed in the pol ybenzoxazol e during the cyclization of the

pol y- o- hydr oxyam des of 15 the formula |, so that it has extrenely high
resistance and a very d aw gigf ect density. The pol y-o-hydroxyan des of the
formula | candge prepared by reacting bis-o0-am nophenols with 20

di car boxylic id or°it<Lhctivated derivatives. The invention therefore
also relates tp a proaess fay; the preparation of poly-o-hydroxyam des of
the formula |, wherein at | east one nononer of the formula Il ORL HzN Z- NH2
OR ' 25 Formula I ’1Snrh/\/rﬁérp Pis z1, Z2 or Z3, and Z1, Zz, Z3 and Rl have
t he 30 abévendnti oned Orearing, p 2 NOV 2004 20 is reacted with at | east

one di carboxyhLic acid or Qﬁuactivated di carboxylic acid derivative of the
forrrtula Il O Lﬁ_QS F la L1l in which L is a hydroxyl grotp-or an

activating gréup 1@sadd -Y1.0;s Yl , Y2, Y3, Y4 or YS, and Y1, Y2, Y3,

Y4 or YS have_t he ?gp%pqpqyjoned nmeani ng. For exanple, acid chlorides or

. m P . . .
activated esters, for exanpl'e sulfonic esters, nay be used as activating

10 g and h not simultaneously being 0 and, if R’ = -CH,-,
1 =0~ 10.
The poly-o-hydroxyamides of the formula I according to
the invention can be very 'readily filled even into
15 narrow trenches having a high aspect ratio and cyclized
by heating. The filled trenches have no defects at all,
such - as bubbles or cracks. The polybenzoxazoles
obtained after the cyclization have | dielectric
constants of less than 2.7 and are therefore very
20 suitable as an electrical insulator. The adhesion of
‘the polybenzoxazole prepared from the poly-o-
hydroxyamide of the formula I to surfaces relevant for
chip technology, such as silicon, silicon carbide,
silicon carbonitride, silicon nitride, silica,
25 titanium, tantalum, titanium nitride, tantalum nitride
or silicon oxynitride, is very good. Furthermore, the
polybenzoxazoles have high resistance to chemicals as
used in the production of microchips, such as solvents,
strippers, bases, acids or aggressive gases. The
30 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
35 delamination, cracking or bubble formation. The poly-o-
hydroxyamides of the formula I, according to the



.15 group L for the dicarboxylic acid derivatives of the formul I&d . The
reaction of the nmononers of the fornmula Il and of the dicarbox@?i Vadloh of
the formula Il can., however, also be carried out in the presence of a

~conpound whi ch activates the dicarboxylic acid, 20 such as, for exanple,

di car bonyl di i m dazol e or dicycl ohexyl di carbodiimde.. In principle, all
reagents which bind the water forned in fthe reaction to thenselves are
suitable. For the preparation of the poly-o-hydroxyam des of the forrmula I,
t he mononers of 25 the fornmula Il and the dicarboxylic acids) or optionally
the di car boxyligraet thderi i of 5 or re ted in_an
organi ¢ solvent. at from - éa\(%%t t ggj}%’ocr%%&%%g (I;%I%J?%%i%f alfnr o%‘?ggt ogﬁ%aﬂbﬁr S.

If required, tiRMY¥Enal §PSups BFEMMKE pol yAEELEAR be Y blohkeanoneh a

sui tabl e reagehtethy lumter glles 1t OmbAbL OMIEE 1Rt IM Bahed! OUPSH &L Kol t abl e
reagents have alrrreo dy. been degcri betdL in the exEI anatjon of the co unds of
the formula | P49 Slé'rqc?rb%l ar TP YBRLGFEPREr on8E Wt r ARG ER B ur afethoxy-

N- Imet hyl p]}Er rolimhame LAY, 200e2taHi deblivi-aaet a!@t%@rl?r %c%ﬂét?' Card®
solvents for synt Qesl s. wever, .1 n principle any solvent In
whi ch t he staﬂl%ntg&lc%%%%e% 55 SP@VFggr&i |T§Fyso?%b$§eﬁaﬁsbéﬁé’é‘a%tsrh£he
pol y- 0- hydr ox yediude aofs t benf dranulzary weaahi 57 i apbtiedd wd t enrFReckeast i on
i's precipitatedddy i irion of the reaction solution to a

preci pitating agent&%hi%ﬁgggé%{r:?éd%oﬁji %ﬁ%‘f‘%f%r g’é’i ot t 3PtHg M ar e
wat er and al c R 1N adipredpoopmtdiod buandohave et haaoy. ghiodt uffielsn of

these 10 1pr ecigRialiatthng agent St PBYcRESO ﬁf‘liﬁﬁd'a The, F&?P%?i t?éé g ggent may
suitably al so @g}ntaln fromO0.1~ to 10~ of anToni a. /gf er Tiltration and
drying, the pt ||5’1mt§‘t”é{i bl FTRIC & P BEC dPF et Ry cpiir Pieerf igdese ssidthartd, for

exanpl e, di ssdlived ciul td esUi t abke alwanthy O oxbpamiidds CAlH 0fnt O Bymula

sem conduct or Is.ub_g%&ggfgin ui 'ablg solvents are, for exanple, _acetone,

cycl ohexanone, 'di 8thyr en8gl y8ol “ABnot T BFEF @ hy| C¥fhdpe  cveclized by
Net hyl pyr r ol Reaféngy-touttyeruperca omees ebBy If roac tzie, taes DOy pr apy |spHaad at e,
tetrahydrgf urg t by cel at e ol ymerd zation to_giV. he

pol y- o- h%gr oxsgm%hfo‘%]y%rﬂ%%gg%l té)%l %—%ﬁe%é %:ézci’r r#oerg“%t[ftorf nO?h ed('lt'eé‘st&ce of
a base in or d8BChoafr gpagkisd Hnbshat §d.118d ttatsinetessiis 2Bosmivkdccept or s
are, for exanple, pyridine, triethylamne, diazabicyclooctane or

pol yvinyl pyri di ne. However, other basic acid acceptors may al so be used.
Conpounds Wni@ Card TRt sBRrybFe M%m tb%e s%ﬁveﬁ?r uygdaﬁdr Nhenayntieesi s,
for exanpl e Nrartbmlpyrdidtoinere@nd 30 the tPelpmesi, Pihddmgr agent ., ifor .
exanpl e ygter ggo oegéarl’ oho%} rriéiurgs, or fhose,which are conpletely

i nsol ubl & i n THRE sTVeHt- - SuchYasP PEE SAPHECET pREFPRKede Produce

pol yvi nyl pyr i 8egents e ims etheapoilyniear | yhpckf erabl formse aeild: aEeept @r s can
then readily 5,%€ t he. t esultui y-.0- hydroxyam de in the
wor ki ng-up of ¢ he. cEaction B oagels g5\ R 08) Aei CFpn one
furthernore refRPeEmeRta pRECOPSIYIGY May premRrbteonndy the units M?,

pol ybenzoxazol esbdeagr pbeeiaheveomhenei anpe! %‘Pfﬂ?@fﬁ&%’ﬁﬂégeéﬁgﬁﬁt Re

formula l-are 5 heated. eatipng, an oxazoJe ring.i's forned

el i ni natﬁlson 0 ?atgﬁg‘ﬁpéﬁg&egﬁf et,:ﬂgeﬁéroé’lﬂss/ R’K%at %’P‘;L%st k& prgberzBRAL3| es

accordi ng to gheupsivant ifhre berageobiasned. itk Thelpakybezoxsz ol rRegpar ed

by the proce ] to_the.i.nvention has very |l ow dielectri.c,

const ant of ?yg&éﬂﬁlgg%}qepggv\}ga}gm&}}e t%el??'l%tqsﬁﬁgf‘é’éé’ésrglge{ianﬁdsféFl chip

t echnol ogy, stth pelwher cofihesrhadnon leadiele tsddmosd coy beRkt L hdecesi | i con

nitride, siliga,p15:ti tgani aptalum, titanjumnitride, tantalumnpitride

or silicon oxy'ni?'r i dé. [d?‘heéjr%rlll\l/%n?i %r‘#t Hoeér e{:(g)lrrﬂérgjllgggr at&& D %ﬁ the

el ectrom® coMRrartonNgt e cBAt aphs o h&hgolstzertziown zud teextests | imd 2Beabove.

The pol ybenz @zl évrcanohasashasded, £Qk %%&aéﬂ%l&tﬁgna di e{lFeCtébg bgt ween
aI uf fe 24

conductor tracks or conductor track planes or as r Taye t ween
g‘yéf%i}’ﬁ Surr8findi ks t. formula In such a

polymerization, a distribution of the chain lengths is
of course obtained, the reaction being carried out in
35 such a way that the average chain length is within the
value ranges stated above for the indices a to f£. A

m crochi p an



.25 The dielectrics according to the invention are outstandinglybzﬂ%hgzm
for the copper danascene techni que. No di sadvant ageous effects
- del am nation, cracking or bubble formation, occur during the grinding
-process. 30 The invention furthernore relates to a process for the
production of an el ectronic conponent, wherein initially a solution of the
pol y- o- hydr oxyam de of the fornula | injia solvent is prepared. The sol ution
is 35 applied to a substrate and the solvent is evaporated so that a film
is obtained. The filmis then heated in fl 2 NOV 2004 23 order to

cyclize the p@%&vh%%%@ﬂﬁ%e?%h&hai%%%%h% bt ﬁ&%eﬁ {gto

t he pol ybenzoxazol e hﬁ filmis then struct ure In or
resist struct (\FIWREh haE-tr &9chestBdd/ éndesnt et hehes. rﬁ:@to-@m‘ducts ve

mat erial, for el eDPPEr sukb tah%ydeé}%&teélﬁestﬁﬁ ft?l%' Harpfd UELE € SO
t hat thetren he gzgfor contact Eoleéfaqarefll ed with the conductive
material . Fin § s sPEGhEREPLYe ThA®r Palt9 s 1P8m\RRELLD: FEPTexthml e,

i t hogr apli ¢ rmidmdsc cavhbersaedibar isf ramitid Mhed hﬁnpgwheaZ%%;OAk?aél I m
an etch-resis p oduc d _on_the f| structure of the
mask is then t%%;i&ilerf%rreda?o E?‘Fég?lﬁjﬁ?%f t b f@g YolfgomE brieh ng to
the invention3y eresihy, TFoe prieé¢edadlex u@ed th@ndwztctﬁ/ﬁomtigr il riised
copper. A bar &' n royi be n tric and co duct

& QECB gt d@g Hg%@ géfuggtllaﬁfé‘.a CfUr t herd \efbo'are

material. For exanple, materi & ready™ men
sui t abl € mat eW@Ifefr@fb]{YhebQUﬂmr iOerandExééss resvduct | inahter i dbri sthe

renoved, 100r exaRl &, %&Q%&&@ioﬁﬁﬁba&aﬁi H' afar hﬁa%'u% TKL%I;) hon
furtherm)re rel ates t ocess for the uctlon 5) ronit ¢
conponent , whgragluﬁs t(z)%or%o{)uttporﬁ%f %r%%‘ﬁya}éllﬁycﬁr@%yaﬂn e 8Pt meswithwl a |

in a solvent iraef modfequrlepaned.ghife &0d UsiePagedt BRA1APRLLEEHO @ Sulstrate

“which al ready |ts surface, netallic structures between_which
trenches and/org%%g lgllct hdtes ‘é‘ﬁﬁt%‘?ﬁﬁge@e%{?@#'str%?ur§§aﬁ}Pé? f §e130

exanpl e, condpetroeatiankshrimategnapity | (Gmaporated so that the trenches
and/ or cggtact holes are filled with the poly-o-hydroxyanm de of the fornula
- I. Finally, the substrate is heated in order to cyclize the

pol y- ohydroxygﬁﬁdété‘ﬂcltﬁé‘ef efmihe Itemninel potybeszadxasoieflddneced DyNOV

2004 24 5 10 ¢he?@erminal groups M! or M®. For a = 0 or f = 1, the
terminal group A is bonded to an NH group. -I:E a = 1 or

f =0, Ais bonded to a CO group. The terminal groups A

20 can be introduced into the polymer via corresponding
activated precursors, e.g. acid chlorides or halides or
hydroxides or amines. In individual segments, the poly-
o-hydroxyamide of the formula I can be varied within

wide limits. Thus, alkyl groups having 1 to 10 carbon

25 atoms can be used for R?, it being possible for these
alkyl groups to be straight-chain or branched, or even

to be present as a ring, for example as a cyclohexyl
.ring or cyclopentyl ring. If R? is present as an aryl
group, this preferably comprises 6 to 12 carbon atoms,

30 it being possible for individual hydrogen atoms of the
parent structures also to be replaced by alkyl groups,

in particular methyl groups. Heteroaryl groups which

may be used for R? are groups having 4 to 10 carbon
atoms, p:eferably 1 or 2 nitrogen atoms being present

35 in the ring as hetero atoms. However, other hetero

atoms may also be used, such as, for example, oxygen or



.25 .30 35 The adhesion of the poly-o-hydroxyam des of the formil aol2 %V%O#
'the pol ybenzo~cazol es obtained fromthemto surfaces relevant in s

m croel ectronics, such as, for exanple, silicon, silica,' silicon nitride,
~tantalumnitride, glass or quartz, can be inproved by adding adhesion
pronoters. ... The invention is explained in nore detail on the basis of
exanples and with reference to the attagged figures. Fig. 1 shows a
schematic view of the test setup for determning the dielectric constant;
Fig. 2 shows a shadow nask as used in exanples 28 to 33 for the production

of el ectrodes suELlfgLr 3 ’ﬂt@\/\fﬁgaeiéa@ﬂmn&&il\%ﬁf ﬁﬁré‘féfé’ﬁiﬁé’%gﬁi:ri‘s@%l ighed
fracture thro op conduc rac ich are arran

pol ybenzoxazo:i% aS%CSE’ r?g 9 t é“?“ﬁ?ﬁe?ﬂ‘fo‘?ﬂ-%d were produced in a damascene
process; Fig. 4 shows a scanning electron mcrograph of a fracture through

a dual danmsc st tur r ed _from ol yhenzoxazol e according to
the inventi ongggl Elgg IeaCPl&g'lbjsgnnl hg €18 %F?Ig ryﬁ?\ Crogsi*‘ﬁ:ﬁﬁ] LU Pol i%hed
fracture Bhrougsu B@mtmmdc@”ﬂdudtme,t rackbene herspge&smkwﬁﬁﬁ greupk

ording.to the
.Stmr/gﬁt :Jgﬁs Eiglﬁglgé%e eC%nI Lgﬂs utslggtlg?lepoézry(%%]fzg%%% gaﬁ?ﬂBgﬁﬁﬁolls
3, 3' - Di ani no- 04" 18 ARyt eﬁtr%e@ﬂdremhamebeblJsmamophna:nobr;hhcheﬁlz NOV
200 26 HEN HOparticu®bk1MH4Heddrably, R® is a methylene or ethylene
group. The arylene groups preferably comprise 6 to 10
10 carbon atoms, heré.too it being possible for individual
hydrogen atoms of the aromatic parent structure to be
substituted by alkyl groups having 1 to 10 carbon
atoms, a methyl group preferably being used here.
Groups having 5 to 10.carbon atoms are preferably used
15 as cycloalkylene groups, .these groups preferably
comprising 5~ and/or 6-membered rings. In the radicals
R’ and/or R% in general individual hydrogen atoms of
the carbon skeleton can be substituted by groups having
few hetero atoms, for example halides, hydroxyl groups
20 or amino groups. For the groups RS, alkyl groups having
1l to 10 carbon atoms can likewise be used, it being
possible for these groups to be linear or branched.
Aryl groups which may be used are groups having
preferably 6 to 12 carbon atoms, it being possible for
25 individual hydrogen atoms of the aromatic carbon
skeleton to be substituted by alkyl groups having 1 to -
10 carbon atoms. Heteroaryl groups which may be used
are groups which have 4 to 12 carbon atoms and contain,
for example, 1 or 2 nitrogen atoms as hetero atoms in

30 the aromatic system.

As already mentioned, the polybenzoxazoles obtained
from the poly-o-hydroxyamides of the formula T by
cyclization have advantageous properties with respect
35 to the heat resistance, the mechanical strength and the

electrical insulation effect.



.4,4" -Di - (4-am no- 3- hydr oxyphenoxy) t et r aphenyl net hane (bi sam noph@r2oNo\2)20042N
~ ~0 ~ ~ CHO O 9, 10- Bi s(3-am no-4- hydr oxyphenyl ) ant hr acene

(bi sam nophenol 3) 4, 4'-Dianino-3,3' -di hydroxybi phenyl - (bi sam nophenol 4)
-15 0 2 NOV 2004 27 HO |l OH 4,4 -Di acetoxy-3, 3" -di am not et r aphenyl net hane

(bi sam nophenol 5) 50 ~I [-i3C.._C | -CH3 0 NH2 Di carboxylic acid
chl oride: 10 Naphthal ene- 2, 6-di car boxyl i19 (di carboxylic acid chloride 1)
acid chloride Ol I C1~-C/ / ,C1L C1ll 0 15 Bi phenyl-4,4'-dicarboxylic acid

- (dicarboxylic acid chloride 2)

The . invention therefore also relates to
polybenzoxazoles which are obtained from poly~o-
hydroxyamides of the formula I. The mechanism taking
5 place in the cyclization of poly-o-hydroxyamides of the
formula I to polybenzoxazoles is shown schematically

below:

B | .
/[:::I:N\ a - %\
O
% oH RO, 0

On heating, the o-hydroxyamide undergoes cyclization to

o=n

10

give the oxazole, water being liberated. Surprisingly,
no bubbles or cracks are formed in the polybenzoxazole
during the cyclization of the poly-o-hydroxyamides of

15 the formula I, so that it has extremely high resistance
and a very low defect density.

The poly-o-hydroxyamides of the formula I can be
prepared by reacting bis-o-aminophenols with

20 dicarboxylic acid or its activated derivatives. The
invention therefore also relates to a process for the
pPreparation of poly-o-hydroxyamides of the formula I,
wherein at least one monomer of the formula IT

g
HN—Z—NH,

OR*
25

Formula II

in which Z is 2z', 22 or 23, and 2!, 22, 2® and R! have the

30 abovementioned meaning,



- | 0 15 |
CClLCZOchloride 0 2 NOV 2004 28 5 1 %%gé/%gmw

4,4_"-Di (chl orocarbonyl)di phenyl ether - (dicarboxylic acid chlori

~\ 1 CCl Cl Terephthal oyl dichloride - (dicarboxylic acid chloride 4) O-
/0 C C\ I QCl1 5-Phenyl ethynylisophthal oyl chlori de - (dicarboxylic acid
chloride 5) ~o cl-c~\ / c-c \ /| Ad-C- 0 5-Alyloxyisophthal oyl dichloride

| o _ _
(di carboxylic acid chloride 6) p 2 MgV 2004 29 jHz HZi~CH 0 A ~C/ ~C
I

is reacted with at least one dicarboxylic acid or one
activated dicarboxylic acid derivative of the formula
III

Formula III

in which L is a hydroxyl group- or an activating group
10 and Y is ¥, ¥, ¥3, ¥* or Y°, and ¥!, ¥?, Y3, Y% or Y¥°

have the abovementioned meaning.

For example, acid chlorides or activated esters, for
example sulfonic esters, may be used as activating

15 group L for the dicarboxylic acid derivatives of the
formula III. The reaction of the monomers of - the
formula II and of the dicarboxylic acid of the formula

ITIT can, however, also be carried out in the presence

of a compound which activates the dicarboxylic acid,

20 such as, for example, dicarbonyldiimidazole or
dicyclohexyldicarbodiimide. In principle, all reagents
“which bind the water formed in the reaction to
themselves are suitable. For the preparation of the
poly-o-hydroxyamides of the formula I, the monomers of

25 the formula II and the dicarboxylic acid(s) ox
optionally the dicarboxylic acid derivatives of the
formula III are reacted in an organic solvent at from
-20°C to 150°C in the course of from 5 to 20 hours. If
required, the terminal groups of the polymer can Dbe

30 blocked with a suitable reagent in order thus to
introduce the terminal groups A. Suitable reagents have
already been described in the explanation of the
compqunds of the formula I. In particular,

Y-butyrolactone, tetrahydrofuran, N-methylpyrrolidone



.d 0 Bi sam no conpounds: 5 Pol ypropyl ene gl ycol)-bis-(2-am noprop d&g‘u
(bi sam no corrpogﬁd 1) 2N~-H-0' _H _C-NHZ CH3 Z 2 CH 10 M= 4 éé /ﬁm
Bi shydroxy conpounds: UH Carb 200 (UBE Industries, LTD.) (bishydroxy 15
-conmpound 1) 0 HO1[ 0~-0 0 O n OHO M= 2 000 g/nol 20 Pol y[di (ethyl ene
gl ycol) phthalate] diol - (bishydroxy conmpound 2) 02 NOYV 2004 30
HO-'CCa"~CQ jC. 0--~0CO0O2HHOY9HzZ V~~n~HH~. 00 M= 814
g/ mol 5 Endcap: Methacryloyl chloride - (endcap 1) H3C ~0 H2c C1 10
5- Nor bor nene- 2- carboxylic acid chloride - (endcap 2) o~ ~C
dimethylacetamide are suitable as solvents for the

polymer syntheS1s However, 1n principle any solvent in
which the startlng components are readily soluble may
be used. The poly-o-hydroxyamide of the formula I which
5 is formed after the reaction is precipitated by
dropwise addition of the reaction solution to a
precipitating agent, washed " and dried. Suitable
precipitating agents are water and alcohols, such as
isopropanol, butanol or ethanol. Mixtures of these
10 precipitating agents may also be used. The
precipitating agent may suitably also contain from 0.1%
to 10% of ammonia. After filtration and drying, the
precipitated polymer can be directly further processed
and, for example, dissolved in a suitable solvent for
15 application to a semicbnductor substrate. Suitable
solvents are, for example, acetone, cyclohexanone,
diethylene glycol mono- or diethyl ether, N-
methylpyrrolidone, y-butyrolactone, ethyi lactate,
methoxypropyl acetate, tetrahydrofuran or ethyl
20 acetate. '

The polymerization to give the poly-o-hydroxyamide of
the formula I can be carried out in the presence of a
base in order to trap acid liberated. Suitable basic
25 acid acceptors are, for éxample, pyridine,
triethylamine, diazabicyclooctane or polyvinylpyridine.
However, other basic acid acceptors may also be used.
Compounds which are readily soluble in the solvent used
for the synthesis, for example N-methylpyrrolidone, and
30 in the precipitating agent, for example water or
water/alcohol mixtures, or those which are completely
insoluble in the solvent, such as, for example,
crosslinked polyvinylpyridine, are used particularly
preferably. The acid acceptors can then readily be
35 separated from the resulting poly-o-hydroxyamide in the

working-up of the reaction product.



r cl 15 5-Norbornene-2, 3-di carboxylic anhydride - (endcap 3) 01 O @?ﬁml e
1: Synthesis of polynmer 1 20 38.21 g (0.1 nol) of bisarrinophenopzlN
dissolved in 300 mM of distilled N nethyl pyrrolidone (NMP). A solution of
+23.93 g (0.095 nol) of dicarboxylic acid 0 2 NOV 2004 31 chloride 1 in
200 m, of distilled NW is added dropwi se to this solution at 10C while
stirring. Stirring is effected for a furpher hour at 10C and then for 1
hour at 20C. After cooling again to 10C, 1.64 g (0.01 nol) 5 of endcap 3,
dissolved in 50 m of distilled Ybutyrolactone (y-BL), are added dropw se
to the reaction mxture and stirring is effected for 1 hour at |0C and then
for 1 hour ~t C.1 ti ! i led to_10C after. which 19.76
g (0.25 nol) g%@bi¥§gﬁﬁgsﬁ€0f ?EE%?@gggi%%Q%%%f §¥)d?sPFPF855';9§LF e
added and t hePrEREEESF M xPlir eths e kweenpoxazobem tdrgperdted e aedrest i rred

for 2 hours. WReekder k%ﬂjﬂﬁigx?%#%?éﬂﬂd@@r’ofhetﬁgackggﬁyﬁ%Xt%r$a¥%is
dde

filtered gnd he filtrate is a ropw se to a mxture o 170
deni ner al Pzed*RALER - andR20PFF 129 | Fpr GF@FSIlevhiingst 181 | farmed f witdher 3 1

of dem neral i zédmiates obeid adde 1dur hggethigedr ' i f T
precipitated gghéggglzi s.filtered off qti?/ 20 sucti %%M%l\?ggh%%eém&t h?‘glel of
col d deni ner aFy 284 WEPERZOAFfer AHPFFHRY at £F68n Vit siRYeBRiORhebsdhgner is
stirred tw ceobbaitielour at room tenperature in 2.5 1 of a 3~ strength
anmoni'a sol ution each tinme and then filtered off with suction. The pol yner

is washed 25 neutral with dem neralized water, filtered off, and dried for
72 ‘hour st@t 58P 1Caiydrenziirazsole nprepaepdr duy i thehigrdBaner atsokaady! Y
soluble in sotyephs YRS HMNVR - y-BL cl,ghexanone.. 30 cycl opent anQne or
m xtures thereof.. Exanple 2 Synt e%i }sre% &%wyrélr&f%%?%c gg?%.s @%trrﬁg) of
bi sam nophenot 4-4r e I§i s3@NGEES| Y3y 3061 #H1 tof thet idurethddd. rAleohuti on of

27. 8 92(() 0. 1 nbb} ehigi cidelddy, ackdoghhar idda 2dd 250 1o9f (digiilled O
NOv silicon carbonitride, silicon nitride, silica,
15 titanium, tantalum, titanium nitride, tantalum nitride

or silicon oxynitride.

The invention therefore also relates to an electronic
component which contains the polybenzoxazole described

20 above. The polybenzoxazole can be arranged, for
example, as a dielectric between conductor tracks or
conductor track planes or as a buffer layer between
microchip and a housing surrounding it.

25  The dielectrics according to the invention are
outstandingly suitable for the copper damascene
technique. No disadvantageous effects, such as
delamination, «cracking or bubble formation, occur
during the grinding process. '

30
‘'The invention furthermore relates to a process for the
production of an electronic component, wherein
initially a solution of the poly-o-hydroxyamide of the
formula I in a solvent is prepared. The solution is

35 - applied to a substrate and the solvent is evaporated so
that a film is obtained. The film is then heated in



.32 y-BL is, added~dropwi se to this solution at 10C while stirri ragz N@plzzml ng
IS effected for a further hour at 10C and then for 1 hour at 20C. After
cooling again to 10C, 80 g (0.02 nol) of bisam nophenol conpound 1, 5
~dissolved in 200 m of distilled y-BL,. are added dropwi se to the reaction
m xture and stirring is effected for 1 hour at 10C and then for 1 hour at
20C. The reaction mxture is cooled. to2B80C, after which 25.28 g (0.25 nol)
of triethylam ne (TEA), 10 dissolved.in 50 mM of distilled y-BL, are added
and the reaction mxture is warnmed up to roomtenperature and stirred for 2
hours. Tn orderdes itsolamtel i tDl@é}’ﬁBly bheyaeaal/kANABI ¥Uke el Fd,5ni1id t er ed
andtheflltrgt%ifds&?d(egngéo y Iohexigor a mxture of 4 of
cycl ohexane and dem ne |z¢.=§ﬂl € WP T BPEREPYR ARG 8nd The Fililir ed
for 12 h at ré6m ttéygyer atnrectﬂ'hedpollymeronﬂemh ts:epab]atﬁnoug at-digphase
boundary is f ff t u and wa 1 of_ col d

denmi neral i zedb\lﬁfgtagfeqr ftve%P(t:We hP:lﬁst g%?ﬁgﬂeﬁn tef’f@{}%lfl Sﬁntf“ﬁ(’-:'f PP ieRer As

stirred tw ceCPBAuCthger amatBOGahto 205 1eon’arrd_ﬂm nedf@pdn_ed V\@Q,er t+@agh tine

and then filtgegds@tEawWid suct Iy |

demi neral i zed 2§ wat er, filter e%gg 5981 V\%’ uF}\éVIe tT68ERES nbar .
The pol yner pPBPAPEd FORERFS halRe |a§er eﬁ@iﬂ-llﬁdsohubﬂle the sobwdntsisech as
NVP, y-BL, cymhobexanone,r3Tye! opesianane, di nonet hyl
et her, ethyl I ctatﬁ or mxturLe% t her eof . Exg ?ﬁ@él&%m a>/etgelq'lsl p%lsyrrer 3
35 28.31 ¢ (0 ) of bi sam nophenol 2 are dissolved in 250 m of

di still ed0NVP. A solution of 8.82 g 0-2 NOV 2004 33 (0.03 nol) of

di carboxylic ggid gh e 3 5 nol) of, dlcarboxyllc aci d
chloride 4 in 1 0 %é@éi%l st E}ga% %EQF aa&éadar op#RsePeo BAPE s&Pution -
at 10C whi | e St¥eetweingt thei @g:lwbeen‘zfoecratzeﬁe‘ of i1an f s h@tcﬁ f\@g_{_sggngoc and
then for 1 hapgcati 2DCGeALLer ain fol g 5 . 005 m)l) of
endcap 1, dissol veld |n % be o]?&%llés%@ ?g JL‘)Ilnfs %5‘ 6 the
reaction. mxtth®e dRFkti¥Fi n’t‘ghﬁ?% e‘f—i@@ﬁﬁ@rred 1thouthat ﬂﬂﬁnanﬁlfthenefor 1
hour at 20C. JdleyHéhz®aeidDa Eb&b%ﬁ% &potgd ft h 9.48 g
(0.12 nol) of Hﬁ)é/l’l dlrﬂ__l (f*l} i,.ssol ve ngs of d%gltvllagglgﬂ b%;BL&@%lg %dded _
and the reactioh RfSEGFEPLY wWap dq.?ﬁldtLtFtrJd’Eﬁn {“éﬁﬁé‘liétlurles ag@ppe.redl for 2
hours. 15 Théamglet i oraand her klmga\upi@i PYathiRIers wggglg{:f:e%ed and

anal ogously t&rﬁﬁﬁﬂﬂ JIPI e é Synt hesi s of poly %

(0.095 nol ) of bi samm nop eno ar OFi §€6f Ve i ﬁhAﬁ)G“arﬁeWa](ﬁ sﬂ#@%@h’ NI\/P A
sol ution of ISntipnes Ogunbhﬁrofahmcearaneylsnn’mﬂda chid ©e+ d£1 5 fard dile 9 ¢
(0.05 mplg) ofha@irGalboXghi-eAC 6 |n 200 m ,of distilled y-BL is
added dropwise to this sol uti o%ogl?hgg %% WRATPELELI 1 PPngE SRRV RS g 9%
effected for é‘af’lﬁ’rjﬁelbyhéihfe“&tcaih@%ﬁféﬁﬁmal hehanlahbzat avn20C. After
cooling again to 10C, 40 g (0.02 not) of bishydroxy conpound 1, dissolved
in 100 mM of gl stille BLf are added dropwi se to the reaction m xture and
stirring is 30 efFa&Es c?Ibr ‘irﬁ]BﬁFmaFelé”Gléﬁﬁstr% # oPrPcREEr for 20@ The
reacti on m xpyeductioool edf t oaﬁOCelm‘dtﬁ:ronMu Chcdipddeft (0. §Bei)y Of5 TEA

di ssol ved i nga@, ik oaf H st %ﬁf ‘are a dedfatﬁSUEe reaction m ture

i's varmed up 10 room tem SPRYFBHE of grmgga I in a
solvent is rst prepared The solution is then applled

to a substrate which already has, on its surface,

metallic structures between which trenches and/or
contact holes are arranged. Such structures are, for
30 example, conductor tracks. The solvent is evaperated so
that the trenches and/or contact holes are filled with
the poly-o-hydroxyamide of the formula T. Finally, the
substrate is heated in order to cyclize the poly-o-

hydroxyamide of the formula I to the polybenzoxazole.
35



.0 2 NOV 2004 34 The isolation and working-up of polynmer 4 were ef fiszNed 2004
anal ogously to exanple 2. Exanple 5: Synthesis of polynmer 55 19.11 g
('0.05 nol) of bisam nophenol 1 are dissolved in 250 m of distilled NWP. A
-solution of 5.56 g (0a02 nol) of dicarboxylic acid chloride 2 in 80 mL of
distilled y-BL is added dropwi se to thi S solution at 10 10C while stirring.
Stirring is effected for a further hour 4t 10C and then for 1 hour at 20C
Cooling is effected to 10C and 5.55 g (0.0275 nol) of dicarboxylic acid
chloride 4, dissolved in 80 m of distilled Y-BL, is added dropw se.
Stirring i s effecadiesbohonfa thar tdudry oty dtodiadek tden-her rd-houy at

20C. After copli i to .18 0. 005 mo| f .endcap, 2, dissolved
in2.0m of Ogi SC{}?I ?Dgekg ;!/?EL,p%@%ﬁ%é@‘%?%éﬁfseg?%a}%%greféfm thﬁF‘XtEPe and
stirring i s efyekaedsf orelletmnt atn 16GCcametdwenrdroresl, heuchat 220 266 The
reaction m XtdkSnhBe COOL £4; 10G, I i . 85. .15 not f

pyri di ne, dissol V%del n éSggl 8%1“ g?lst{'{:%éd\,\giggcgér egjagﬂé(gean'dt?%éaf‘élacti on
mxture i3 whheh D t glesen orenpeaztar e cand bei rimgordwed 2bouaddings The

i sol ati on andadwski sW-pEoRbrepLymer 5 were effected anal ogously to exanple
1. Exanmple 6: Synthesis of polyner 6 30 37.25 g (0.095 nol) of '
bi sam nophenol 3 are dissolved in 400 mM of distilled NWP. A solution of

15.12 g (0. Oérimol Jneéndiear bexydm Acicd cih ohbae Hekhii5Q,M isfilled
NVP |5 added i oguise L0 th%s‘?llsxiﬁt}%i o A ORGEE Gekniiodd rﬁl%_gésﬁérri ng
u

is effected for & turtherdH LFACEhER EBR athaghedt LPgeressol i ng
is® 0 ZONOv 2004 35 effected to 10C and 10.32 g (0.04 nol) of dicarboxylic

acid chloridegs8, dissol {n 100.m of distilled 'y-BL, are added
dropwi se. Sti rl?‘:{'ng i's e%ﬁféei”(’:% ed ggPeﬁI&fQ’&Ft ﬁ’ére"_‘ﬁo?f Egelgésén(?ettﬁ’@n F 1
hour at 20C. After cooldeteBnigia the 1DE146t28c gofdc&2t ol ) of

bi shydr oxy conpound 2, dissolved in 80 m of distilled y-HL; ~ are added

dropwi se to che reaction mxture and stirring is effected for 1 hour at 10C
and then for "t%odr at SRYS Theshadew i Baski REukeeds ivosxetrilesi @8 twfter 10

whi ch 28528 g (0.25 not3)3 dforl Bthe Hrislethh No 8l hcOfogistilled y-BL, are
added and the reaction mxture is warnmed up to roomtenperature and stirred

for 2 hours. The isolation and worKi ng-up of polyner 6 were effected 15
anal ogously Fégexanpl e showixampl sc@nnSyst heseatebnpohyeBsgra@8. 3df g { 0. 05

nmol ) of bi sam nophenol .3 20 (0.0Q05 nol.) of bisam nophenol 5 are
di ssol ved in 500 nl of il;i%?ﬁ?dzd%ﬁﬁ%.tuﬁesol L8801 SOPREE g CORSF Mol ) of
di carboxylic acid chl otir@eks i n ¥0lall of arstilledraygBl i s dadded & opwi se

to thiszgolution at 10GoMRiee RldaZd1R0: addd Mg | LM 8et ed [0 a furt her
hour at '
and were produced in a damascene process;

Fig. 4 shows a scanning electron micrograph of a
fracture through a dual damascene structure
25 produced from the polybenzoxazole according

to the invention;

Fig. 5 shows a scanning electron micrograph of a
polished fracture through aluminum conductor

30 ' tracks, the spaces between the Al strudtures
having been filled with the polybenzoxazole

according to the invention.

Examples:
35

- Chemicals used:



.25 10C and then for 1 hour at 20C. After cooling again to 10C, 1. 8% fov mmg
(0..01 nol) of endcap 1, dissolved in 20 m of distilled y-BL, are added
dropmnse to the reaction mxture and stirring is effected for 1 hour at 10C
-and then for 1 hour at 20C. The reaction mxture 30 is cooled to 10C, after
which 19.76 g (0.25 nol) of pyridine, dissolved in 50 m of distilled
"y-BL, are added and the reaction m xt uPé is warned up to roomtenperature
and stirred for 2 hours. 35 The isolation and working-up of polynmer 7 were
ef fect ed anal ogously to exanple 1. 0 2 NOV 2004 36 Exanple 8: Synthesis
of polymer 8 33.97 g (0.06 nol) of bisam nophenol 2 and 15.68 g 5 (0.04
nmol ) of bi sanmBiegphdmphemyle di ssolved in 500 ml of distilled NVP. A
solution of~ 14.7 g (0.05 nol) of dicarboxylic acid chloride 3 and 13.59 ¢
(0. 045~npl) of dicarboxylic acid chloride 5 in 250 m of distilled y-BL is
added dr opwi s&,80 -THiasniswl-ut,i4on- GEith A st é&téﬁhéﬁ*}ﬁéﬁﬁbnéﬁirringi!i
effected fsor q f. el %§§- at 10C and then for our at 20C. After
cool i ng agaln Fb 8@ 01 nol) of endcap 2, dissolved in 50 m of
distilled y-BL, are added dropmnse to the reaction mxture and stirring is.
effected for 1 hour at 15 10C and then for | hour at 20C. The reaction
m xture is cooled to 10C, after which 19.76 g (0.25 nol) of pyridine,
dissolved. in 50 mM of. distilled y-BL, are added and the reaction m xture
is warnmed up to roomtenperature and stirred .for 2 hours. 20 The isol ation
and wor ki ng-up of polyner 8 were effected analogously to exanple 1. Exanple
9: Synthesis of polymer 9 25 24.84 g (C. 065 nol) of bi sam nophenol 1 and
6.48 g (0.03 nol) of bisam nophenol 4 are dissolved in 400 mM of distilled
NMP. A solution of 15.12 g (0.06 nol) of dicarboxylic acid chloride 1 and
12.64 g (0.04 nol) of 30 dicarboxylic acid chloride 2 in 200 m 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, 80 g (0.02 nol) of bisam no conmpound 1, 35
di ssolved in 150 nl of distilled ~-BL, are added dropwi se to the reaction
m xture and stirring is 0 2 NOV 200g 37 effected for 1 hour at 10C and
~then for 1 hour at 20C. The reaction mxture is cooled to 10C, after which
25.28 g (0.25 nol) of TEA, dissolved in 80 m of distilled y-BL, are added
and the reaction mxture is 5 warnmed up to roomtenperature and stirred for
2 hours. The isolation and worki ng-up of polynmer 9 were effected
anal ogously to exanple 2.



.10 Exanple 10: Synthesis of polyner 10 23.53 g (0.06 nol) of bisa@i 9@@3““'
3 are dissolved in 250 mM of distilled NMP. A solution of 11.11 ¢ 68.

not) of dicarboxylic acid chloride 1 in 80 m of 15 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 effected to 10C
and 8.64 g (0.04 nol) of bisam nophenol 724, dissolved in 80 m of distilled
NVP, 20 are added dropwi se. Stirring is effected for a further hour at 10C
and then for 1 hour at 20C. Cooling is effected again to 10C and 12.08 ¢
(0.04 nol) of dicarboxylic acid chloride Sy dissolved in 80 m of distilled.
y-BL, are added dropw se. Stlrr|Ho i ~S £ ted 25 for a further hour at

10C and then for ‘1 hour at 20C ' & ter ng again to' 10C, 1.04 g (0.01
nol ) of endcap 1, dissolved in 20./ .d y-BL, are added dropw se
to the reaction m xture and st HOr

for 1 hour at 30 20C. The reacti on \a= i coled to 10C, after which

- 19.76 g (0.25 nol) of pyridine, dissolve# of distilled y-BL, are
added and the reaction mxture is warng to r88n1tenperature and stirred
for 2 hours. 35 0 2 NUWV 2004 38 The i5xletion and wor ki ng-up of pol yner
10 were effected anal ogously to exanple 1. 0 2 NOV 2004 39 Exanple 11:
Determ nation of the thermal stabilities Al polynmers described have

t her mal stab|u|MNe@laf4>aﬁ%%giy1 I j 4§gg paratus: 5
STA 1500 from g?eonetrl SC|ent|f|gglheatlrlféar%%%gtt{ea/&éé :BQ%Hé gas:
argon). The i< ﬁéPﬁEPﬁ%ﬁﬁ?% ds per hour (at 425C) is < 0.60. The pol yners
descri bed5thus neet the requirenments for 10 the applications stated at the
outset. Exanple 12: Preparation of polymer solutions 25 g of the polyners
described in examples 1 to 10 are 15 dig yed in 75 g of distilled NWP
(VLS| -Sel ectipur) or distilled "y-BL ( pel ecti pur). The gISSO|UtI0n
process is expediently effected on, 5 g apparatus at P
tenperature. The solutig / press

filter into a cleafel agltan: L e
pol ynmer sol ution can be
Exanpl e 13: | nprovenerfy of the adheS|o
By using adhesion pronoters, the adhesi
rel evant in mcroel ectronics, such as,
silicon nitride,

hrough a 0.2 ~cm
_ sc08i .ty of the
ssol v ¥ss of pol ymer.
adhesi on 25 pronDter sol utions
the polyners to surfaces
exanpl e, silicon, silica,

9,10-Bis(3-amino-4-hydroxyphenyl)anthracene -
(bisaminophenol 3)
10

4,4'-Diamino-3,3'-dihydroxybiphenyl - (bisaminophenol
4) |
15



.30 tantalumnitride, glass or quartz, can be inproved. Adhesion prORTHOr2004
whi ch -may be used are, for exanple, the follow ng conpounds: 0 2 NOV 2004

APl ~C-3 ~H3 Fi 3CO-~i H~ HaCn"" | i,~ N~ OCH- ~Nt~i OCH OH 3 5 10 15 20 AP3
-0 i ~3C0"-~i O~ OCli 3 AP5 ~~3~ Fi 3C0-~~N OCH~ 40 AP2 APB ~CHa H3C0-~ ~,
-H~0O CH z 2 AP6 OCH3 0 CH H3C&4-"~7.--~--Cy~12 -~--~O--~"~""C 3 oCH3

cH2 0.5 g of adhesi on~pronoter (e.g. 27
N- ( 2- am noet hyl ) - 3am nopr opyl net hyl di net hoxysi |l ane) is dissolved in 95 g of
met hanol , et hanol or isopropanol (VLSI-Selectipur) and 5 g of dem neralized
water in a cleaned, particlefree d¥iple tube at roomtenperature. After
standing for 24 h at roomtenperatu he adhesi on pronoter solution is
ready for use. This solution c be
adhesi on pronoter should give d2Ton
parts to be adhesively bonded. The y
applied by the spin-coating technique. For this rpose, the adhesion
pronoter solution is applied via a 0.2 ~mprefilTer to the surface to be
adhesi vely bonded and is spun for 30 s at 5 000 rpm This is followed by a .
drying step for 60_s at 100C._ Exanple 14: Application of a polynmer by the
spi ncoat i ng nét AodPaRFeEpei—2Zat3 'ﬁww%ﬁw@%@mﬁol e -

(bisaminophenol 5)

5
HzN @ -
Q
[ :
H,C—C—0 C O-—-ﬁ—CH3
¢
NG,
Dicarboxylic acid chloride:
10 Naphthalene-2, 6-dicarboxylic acid chloride -
(dicarboxylic acid chloride 1)
0
g
cCl
Il
0
15 Biphenyl-4,4'-dicarboxylic - acid chloride -

(dicarboxylic acid chloride 2)



.D 2 NOV 200 41 A processed silicon wafer which has | ands and trenﬁ?qﬁwu%mgo
a m ni mum di nension of, in each case, about 150 nmis coated with {he .
adhesi on pronoter, as described in exanple 13. Thereafter, the filtered 5
"solution of the polynmer 1 obtained in exanple 1 is applied to the wafer by
means of a syringe and is uniformy distributed by neans of a spin coater.
The spin coater speed is 2 000 rpm Thespolyner is then heated on a
hotplate for 1 mn at 120C and for 2 min 10 to 200C. The coated wafer is

t hen heated under nitrogen or argon in an oven for 60 mn to 425C. The

pol ybenzoxazol e thus obtained is. inert to acids, bases and organic

sol vents. 15 BxdripDe (thloRetcemiiomtl jaligeryie asftest on of (dihapohyErs on a
titaniun1nitr%%ga{g&g%ré?%'3§ilicon wafer is sputtered with a 50 nmthick
titaniumnitride’l ayer. e solution of polymer 1, 20 obtained in exanple
12, is applied to this wafer by spin coating, for 5 s at 500 rpmand for 25
s at 2 OO0 rpm After a short softbake for 1 mn at 120C on a hotplate, 10

silicon chips neasuring 4 X 4<ﬁn2,-ﬁ h were ‘emﬁﬁé sputtered on the
surface with 50 nm 25 titani um@r \ apne cpnto the polyner film .
with a force of 2 N This stagﬁ i's \héh heated f4r 1y at 425C in a

nitrogen atnosphere in an oven. After cooling to roomtenperature, an
adhesion test is carried out by neans of a shear tester, Dage Series 30
400. The nean_val ue of the force for_ polynmer 1, which was required for
shearing of f TRAESBRFPaIOYS A vl avife. -35 dbeaniiaxvis:c Decbd nichadbirddeof t he
adhesion of the polynmers on a tantalumnitride |ayer 0 2 NOV 2004 42
Exanpl e 15 was repeated, but the and of the chips consisted not of of
tantalumnitride. The nean va polyner 1, which was required f 5 chips, is
16.79 NNmmR2. surface of the wafer Hitaniumnitride but ue of the force. for
~r shearing off the Exanple 17: DetWrm QN of;"t he adhesi on of the
polymers on silicon 10 Exanple 15 mﬁ% 8 ﬂcﬁkbut the surface of the

waf er and of the chips consisted aat of aniumgmnitride but of silicon.
The meanl@al ue of the force for polynmer 1, which was required for shearing
off the Si chips, is 18.27 Nm®2. 15 Exanple 18: Determ nation of the
adhesi on of t ol rs on a silicon nitride |ayer Exanple 15 was

repeat ed, but {?é? FHOE B FRRNIBRLPY20 Shd B dehe Thi pdiearbpxYRichot of
titanium nitraciel zitlafidelscon nitride. The nean value of the force for
polymer 1, which was required for shearing off the chips, is 16.52 N m?2.
25 Exanple 19: Determ nation of the adhesion of the polynmers on a silica -

| ayer 49
Cl—C
IR

5-Allyloxyisophthaloyl dichloride - (dicarboxylic acid
chloride 6) '



-Exanpl e 15 was repeated, but the surface of the wafer and of theyghjoys2004
consisted not of titaniumnitride but 30 of silica. The nean value of the
force for polymer 1, which was required for shearing off the chips, is
©17.88 N mR. Exanple 20: Determ nation of the adhesion of the 35 polyners
on a si.licon carbide |ayer D 2 NOV 2004 43 Exanple 15 was repeated, but
the surface of the wafer and of the chi 28 consisted not of titaniumnitride
but ‘of silicon carbide. The nmean val ue of the force for polyner 1, which
was required for shearing off the 5 chips, is 16.75 N mR. Exanple 21:

Det erm nati on of the adhesion of the polyner@Hpn a tantalum |l ayer 10
Exanpl e 15 was repeated, but the surface of ffhe wafer and of the chips
consisted not of titaniumnitride but of,tarithlum The nean val ue of the
force for polynmer 1, which ,vas required %jor shearing off the chips, is

16. 20 NV m®2. 15 Exanple 22: Determ nati on®f the adhesion of the polyners
on a titanium |l ayer Exanple 15 was repeatgd, but the surface of the wafer
20 and of the ,chips consisted not of ti ftyum nitride but of titanium The
mean val ue of the force for polyner. 1, was required for shearing off .
the chips, is 17.06 Nm2. 25 ExaﬁHhQ: \JEererathati on of the adhesion of
the polymers on a polyimde 'layer EXpnple 15 fjas repeated, but the surface
of the wafer ‘and of the chips consist®ed not ofptitaniumnitride but 30 of
pol yi mi de. The nmean value of the force for polyner 1, which was required
for shearing off the chips, is 18 . 04 Nme . Exanple 24: Conparative
exanpl e for aBhesindno3ompBuddNEV 2004 44 A pol ymer which was prepared

anal ogously to exanple lof US 5,077,378 is dissolved, as described i nexanpl e
12, in NVMP. Exanples 15 to023 are repeated withthis solution, a solution
“of t he pol ymer PP+BBroRYEeng77, 3781lephy-bied (Rratméadotoplyd sol utiaer)

of pol ymer 1. TheséelheweBgphBan Y4l ues are determined: Titaniumnitride
surface: 14. 71 N mRTantalumnitride surface: 15.69 N mel10 Silicon

surface: 15.21 NmeSilicon nitride surface: 14.03 Nm®2Sil|lica surface: 14. 94
N nm2Si | i con car bi de surface:13.3é N nmmR2Tant al um surface: 13. 96 N m215

Ti t ani um surf ace: 14. 07 hVanH@MA_' C;aee; 10 me Exanpl e 25:
Det erm nation of the chem cal sta@&lﬂ; to Q{QBH'E @l vents 20 25
K . CH3

10 M =4 000 g/mol
Bishydroxy compounds:

UH-Carb 200 (UBE Industries, LTD.) - (bishydroxy
15 compound 1)

. o}
HO\V/A\V/A\f/”\O/ﬂ\O,f”\\/”\\/”\y/O\H/O\ﬁr,/\\/’\\/”\oﬂ
0

M =2 000 g/mol
20

Poly[di(ethylene glycol) phthalate] diol - (bishydroxy
compound 2) '



-30 35 Polynmer 1 was applied from 20$ strength by wei ght soluticwhésNﬁvv ?
NVP) to three 4" silicon wafers by spin coating, for 5 s at 500 rpm an or
25 s at 2 000 rpm After a short softbake for 1 min at 120C and for 2 mn
‘at 200C on a hotplate, the wafers were heated for 1 h at 400C in a nitrogen
~atnosphere in an oven. After cooling to roomtenperature, one coated wafer
each was heated for 5 h to 50C in NWP, ijp acetone and in tol uene.
Thereafter, the wafers are dried for 60 mn at 200C in vacuo and the mass
difference is determ ned. No del am nati on phenonena were observed. Mass
decrease: NWVp 0.9~ Acetone 0.50 Tol uene Q 0 2 NOV 2pp4 45 Exanpl e 26:
Determ nation of the chemi cal stability ids 5 Polynmer 2 was applied
from 200 strength by wei ght solution (sad NVP) to three 4" silicon
wafer's by spin coating, ffor 5 s at 500 sprnnand for 25 s at 2 000 rpm
_After. a short soff g‘f&?‘ —1go C and-%##oé;fnLa-e@ o a
hotpl ate, the wafers were 10°héhted forﬁg tht BOOC Yi nHA Hyi tT 0gén

at nrosphere in an oven. After cooling to roomtenperature, one coated wafer
each was heated for 5 h to 40C in concentrated HCL, in 50~ strength

sul furic aci dMard8ild ageidilc acid. Thereafter, the wafers were dried for 60
mn at 200C 15 in vacuo and the mass difference was determ ned. No

del am nati on phenonena were observed. Mass decrease: Conc. HCl 0.5% 50~ _
strength BR2S0&n@cap6 0 20 Acetic acid 0.2~ Exanple 27: Determ nation of the
chem cal stability to bases 25 Polyner 3 was applied from 200 strength by
wei'ght solution (solvent NMP) to three 4" silicon wafers by spin coating,
for 5 s at 50YeEparandoydr chSoside 2 QRAddam 1After a short softbake for 1
mn at 120C and for 2 min at 200C on a hotplate, the wafers were 30 heated
for 1 h at 400C in a nitrogen atnosphere in an oven. After cooling to room
tenperature, one coated wafer each wagcheateg for 5 h to 40C in 50~
strength NaCH, in 47~ strength KOH and ‘n céncentrated anmmoni a. Thereafter,
the wafers were dried for 60 mn at 200}§?§\i-n vacuo and the. nmass

di fference was determ ned. No del am HaCl on Eimenonena were observed. 02
NOV 2004 46 Mass decrease: 500 strength NaOH 0.9~ 47~ strength KOH 0.70
Conc . ammonia 0 .10 5 Exanple 28: Determ nation of the dielectric constant
of pol yner l.gjwbtest setup .used for determ ning the dielectric constant
is shown in fig. ?O%?%‘ef‘cia%%’m%%go@%é FhlegineP-( 26ndstpeRqyt h
solution) and the solution was filtered under pressure over a nenbrane
having 0.2 um pores. This solution is appligd by spin coating to a
substrate 1 on which a 600 nmthick Ti laye 2 is already present. The

|l ayer 3 is dried at 120C and

N
e
/

Cl

15 S—Norbornene—Z,3—dicarboxylic anhydride - (endcap 3)

Q

Example 1: Synthesis of polymer 1
20 '
38.21 g (0.1 mol) of bisaminophenol 1 are dissolved in
300 ml of distilled N-methylpyrrolidone (NMP). A
solution of 23.93 g (0.095 mol) of dicarboxylic acid



-15 200C, for 2 min in each case, on a hotplate and then heated atg43Q¢ 84
one hour in a nitrogen atnosphere. Titaniumelectrodes. 4 are then applied
by sputtering .on this layer 3 via a shadow mask shown in fig. 2. For this
‘purpose, the shadow mask shown in fig. 2 conprises 20 apertures 5 which
correspond in their dimensions and in their arrangenent to the titanium

el ectrodes 4. The dielectric constant isydeterm ned using the inpedance
spectrometer 6, and is determned as 2.47 in a frequency range from 100 Hz
to 1 MHz. 25 Exanple 29: Determination of the dielectric constant of

pol yner 2 The deleridleati e obot ke FrelBclryie ni_of .polymer 30 2 was

effected anal og(%)usclﬁl\ésto egarrrl e 28 and. avel.lal%/&z;{}ﬁl%ﬁo#sZégg.edEggﬁBWésgo:

Det er mi nat i on Oﬁﬁé & 5i BPEREIPR @dnst @Rt ohigsl yabirging. DrixN@ 2094 47

The det er i nat ¢bfeoted hfodi el éakthercasstant afpdol YEer f{ected

anal ogously to, X@tﬂ'@ée g?tgndcgage a valye of 2.63. b5 E%(lgerrpﬂ\?%mglieﬁour

Det erni nati on of the dierectr & coRSt 3FE25F SoIVNET: 4L ok et @r®d naelpn of

the diel ect ri korendeap of3 pol ghesotvaas ehf esdednanabegoysky; Pe8Xxappl e 28

and gave a 10 mad Hctdor2d - (B l e _32: termnation of the dielectric
Lo 15r§él'h(e’ ?eitrygr%rr‘?aﬁ%e ORI R 71 Tomatien of

. constant of polyner e de _
pol ymer 10 was“effE@ Panal bgolry yisocéfanped Zorand hgave & viajue Hiq2. 49.

Exanpl e 33: Coimpar aidvel exanp! g f 9podi elbgat L Qnstant 20 A test carried
out according,to e ggpl e 28 vvi?h, abpgfyjlr;grg %F(eéggrleo& MAOFSuSIS I Shnpl e
1 of US 51 077,578 ga e &S e¥RifR déhStang of0 251 nial )t heff neqieicie F ange
from 100 44z t dlibsMive @5 ExEMhE S4: absteimLpatign of Lh Ler rption
Pol yner 1 was r%%%'tii%g; fnrllom 200 strength sol uti gng?éo%JG%n?d\f%aﬁﬁ) aﬁ@b}&“ﬂﬁ

coating to a 4" siTicon Warere of S3FRAGRh WRsEO oS tempesaburpmaardd f or

25 s at 3 500Stamress for & &lomrts.softbake for 1 min at 120C on a hotplate,
the wafer is heated for 1 h at 400C in a nitrogen atnosphere in an oven.
The mass of polyner. 1 is determ ned by nmeans of an AT261 Delta Range 35
anal ytical batBn&&Fdethet@oisedalsf erthe spohemest ortk f 66ad01 Hn atni §8G AN

wat er. Alfer the ﬁlﬂttﬂré@daﬁgentl%o‘fﬂlﬁr%t% NOY 2a()<§)de4<§3 dropwise to a
mixture of 1 1 of demineralized water and 200 ml of
isopropanol while stirring, a further 31 of
demineralized water being added during the dropwise
addition. The precipitated polymer is filtered off by

20 suction and washed ‘with 2 1 of cold demineralized
water. After the filtration with suction, the polymer
1s 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

25 neutral with demineralized water, filtered off, and
dried for 72 hours at 50°C/10 mbar.

The polymer prepared in this manner 1is readily soluble
in  solvents such as NMP, Y-BL, cyclohexanone,
30 cyclopentanone or mixtures thereof.

Example 2: Synthesis of polymer 2
36.3 g (0.095 mol) of bisaminophenol 1 are dissolved in

35 300 ml of distilled NMP. A solution of 27.8 g (0.1 mol)
of dicarboxylic acid chloride 2 in 250 ml of distilled



off, a further weight determ nation was effected. The percentage g@aey 2004
absorption, based on the nmass of pol ybenzoxazol e, was cal culated fromthe
mass difference. 5 Water absorption determ ned: 0.80 Exanple 35: Damascene
‘structure 10 Polynmer 1 was dissolved in NW (20~ strength by wei ght
solution) and the solution was filtered under pressure through a nenbrane
having 0.2 ~cm pores. The solution is applied by spin coating to-a silicon
substrate at 2 500 rpmfor 25 s and the layer is dried for 2 mn at 15 100C
and then for 2 mn at 140C on a hotplate. Hy nmeans of the subsequent cure
process for 1 ¥Eil #H0GAMIErd b L96N Lot he st gLt al ;| nverded into the
correspondi ng %E)H(benzox al e., 3150 nr%ot mlk@s%%ékjé?%r%i S lgj('apcgswf?é fas a
hard mask on this Iéjp‘b?om%dﬁefﬁﬁgzol?o@ﬁﬁﬁ%ﬁ%kfpsoa aferthara HeE@VDatni t

(Novel | us ConckQRC 1andThitserhaf e maskous Sit Ugboredaly Heans, of, té‘%&’aﬁd

l'i thography a eigb&ngBIOechnL ua. Tge P?O l,.ayer, is_then structur Vi a
the structured hard raskK iM o @'g T BsnBti RisArRPepherel( Gampaynd At er 25
deposi tiorP of & sPIwedi Nibar20er nh aofAMATsEnduea 508, and,.appligatgon of

~a thin adhesi Qf}-J¥.,pnnt i angdy, starting.layer .(50 nm Ti_and 100 nm Cu), the
structures are fciafl ed wn?% cgla%err%?cef'g&rgﬂ 5% | G NoVeI T i1 ABRE '

Systen). The fifdiaigthgfesppbrhdert ien §06ancaRd haek i for AWPLBLOCESS. A

fracture was prooducegnhtr ofast be; SLbsLsr th pr epar ed, pol L shed, and ,
i nvestigated by .neans. of _a scalnﬁililngilei eci% ogL%rri %?‘gg%cgpézo(s h/?c'ﬂ%fts%"anni ng
35 el ectron m apfr i %8 sh&wn (h 45 o3, ThE coppethyilaeiné arermnbedded

in the pdllybedAesadeled Sin tH® m1 002 _8irugtures jof th

pol ybenzoxazolr%a8 tbei ngmhom) eneous, H%E%I(ig%fdf egghdg%rgagégfafiegn%n&he

exhi bi ting no’ adhésor™pF obt 8ng Satwalmed THE &@pperom i hesp@rhaueea atdlt h of
0.5 um whil esthersdaderbeX weenrs.he copper lines 7, 5 which is filled with
t he pol ybenzoxazole 8, has a width of 0 . 3 um Exanple 36: Danascene
structure 2 10 Exanple 35 was repeated, but polynmer 3 was used instead of
pol ymer 1. Hef®B leth bl dsfoled canther pollyfieee StheiCtes€61 6% NikidehRe

strong atbesi o8 arel pbtalgnegd,gEx I i scene ructure 3 15 Exanpl e
35 was repeat ed,%ggt@%gol ymern4 V\g&g@ug% tl”ﬁ%?%g of ap%#ifﬁeﬁr,ofwlﬁ@r etPoo,

bubbl e-free afd“ PRe®Lstd Uetxtese erfi Ki tl mf styohohexdiesi andapel
obtai ned. 20 Efameixdfa Darmecaaect! el yee Al e,35 vas Lepeated. but
the“same  e8uft*F |

pol ymer 7 was edlbnﬁt eaol_cof olymer 1. Here too,
obt ai ned, bubbTE-  FéePand tr aER9T T cECTPRGELHEEs oD tPebymer ongh26h

adhesi on. Exa®qp@r&9esDanmsceme ShéUgiHH: 5pbuarBke 35 Was 1 edegbut
(e, ot erd a1 450 S0 EEARIBT S o alBe L, v weed Lt Cad of Ol e
process sequé@ﬁfr' After the filtration with suction, the polymer
is stirred twice for 1 hour at 50°C into 2.5 1 of
- demineralized water each time and then filtered off
with suction. The pplymer is washed with demineralized
25 water, filtered off and dried for 72 hours at
50°C/10 mbar.

The polymer prepared in this manner is readily soluble
in solvents such as  NMP, Y-BL, cyclohexanone,

30 cyclopentanone, diethylene glycol monomethyl ether,
ethyl lactate or mixtures thereof.

Example 3: Synthesis of polymer 3 .

35 28.31 g (0.05 mol) of bisaminophenol 2 are dissolved in
250 ml of distilled NMP. A solution of 8.82 g



-Exanpl e 40: Dual danmascene structure 1 35 0 2 NO V 2004 50 Polygﬁgﬁé w?s
di ssolved in NVP (200 strength by wei ght solution) and the sol uti _% 004
filtered under pressure through a nmenbrane having 0.2 ~m pores. The
"solution' is applied by spin coating to a silicon substrate at 5 2 500 rpm
for 25 s, and the layer 2 is dried for 2 min at 100C and then for 2 mn at
140C on a hotplate. By neans of the subggquent cure process for 1 h at 400C
under nitrogen, the nmaterial is converted into the correspondi ng

" pol ybenzoxazole. A 150 nmsilica layer is 10 then applied to this

apprOX|nater(ﬂMD3ndemckfPB@da@bﬁxﬁma@®§@§dthq&%ﬁag)yngﬁd(gP%%||US
Concept 1) as ﬁ)%ﬂﬁﬁﬁuk§9 ha%d mask, The hard mask is structure
standard |ithography FPotks8 T afld R TR Cotadi ot ot tds éndntﬁéo mil

phot or esi st | 9% aiisiedl 198 spaundid ayetedSapbpRoLkmed Liis appliiadd a.d he

structured hangJdm The O~ stren h solutlon Q yner I'S applled by,
spin coating at 3 %gﬁlé] éﬁ TP 1o Eﬁrﬁfﬂgeééhegﬁeféﬁé émﬁ Bdortitkheat ed

for 1 h af 4oé>7@urAa1t5c10rﬁﬁtanatkthemfar| ayRoukrs alti kewicse adaRasideA ;o the
second 20 PBOZzayer. & ajhapd a tructured by stantar d
| i t hogr aphy mnFﬁﬁa subsequgnF pFSZE% é?chﬁhgxgﬁo %2 T%é t f3APED | dyers

are then struft§eedved af B4 geh of adiatiiliethey- BL02igaskigleidn dadpliEauni t

(Lam XL). Thetst rilgd Ureashown Wa S t M, The aph is
shown in fig. .4, Arran gd n_.a I%ﬁggyéa%%g? €4 P¥1 5 ﬁ%o?gg%?g1$s gﬁ"upper

layer 10 which PSUFi k&hi st026mesdd tbﬁnpofgbenkoﬂazuﬂeeuprME§5|om&ehave

been etchéd i meaceaoh mﬁﬁﬂmrdvib|@wgléd9t 19,gdche C d I's
12 of the deprﬁsiangﬁﬂavkn |rregulgr|t|gg 5%§F£%s§%s§$nsm§b oth
surface. Exanplé af d stHRIUED E&aﬁ%l@l40fmdsste@éaded

but pol ymer 3Yvils uxesl a@@é@aﬂn&Stné p@hyﬂ@bnlmlkEﬁEetQQ wHehea! 1 % gS dual

damascene ©  OrdohVerP9 ures _bhayl \ and snoot h ewal | s
are obt ai ned. rE§<a ee845§gEu ggnagce %gﬁbﬁu%8u§55 Exanpl e 40 was

repeat ed, but polyner 8 was used |nstead of polymer 1. Here too,

defect-fI®e drigd JasBSEEHR éhHU%HFﬁc‘?.?lgh?é'ner&s\%%l&Hﬁ%% and_smootb st dﬁwa' 's

are obtai ned. 10 Exangie 43: Dual danas tru
nalogously to example 1.

Example 4: Synthesis of polymer 4

20 53.79 g (0.095 mol) of bisaminophenol 2 are dissolved
in 400 ml of distilled NMPD. A solution of 15.1 g
(0.05 mol) of dicarboxylic acid chloride 5 and 12.9 ¢
(0.05 mol) of dicarboxylic acid chloride 6 in 200 ml of
dlstllled Y-BL is added dropwise to this solutlon at

25 10°C while stirring. Stirring is effected for a further
hour at 10°C and for then 1 hour at 20°C. After cooling
again to 10°C, 40 g (0.02 mol) of blshydroxy compound
1, dissolved in 100 ml of distilled vY-BL, are added
dropwise to the reaction mixture and stirring is

30 effected for 1 hour at 10°C and then for 1 hour at
ZO°C The reaction mixture is cooled to 10°Cc, after
which 15.17 g (0.15 mol) of TEA, 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.
35 '



-Exanpl e 40 was repeated, but polynmer 10 was used instead of p°|y3ﬁfN6V ﬁ@ye
too, defect-free dual 15 damascene structures having vertical and snoot
sidewal | s are obtained. Exanple 44: Filling of narrow trenches 20 Polynmer 1
“was dissolved in NWP (20~ strength by weight solution) and the sol ution was
filtered under pressure through a nenbrane having 0.2 um pores. This
solution was applied by spin coating to substrate on which netallic
structures were already present. After the 25 solution has been applied by
spin coating, the layer is dried for 2 min each at 100C, 140C and 200C on a

hotpl ate and titen hestLel &0r adahwatk408C.under Ntregen. Jhe metal |
structures, saone .of mhic% ha%e ax aspe%fﬁ#agﬁbrg?'nnreq%ﬁgﬁgi,e%ﬁ%cﬁ?%tance

‘bet ween theiﬂf%ﬁ%qgﬁ%ﬁ¥% Tﬁﬂ?ﬁﬁ%ﬁﬁ? 420 nmin sone cases, are electrically
i nsul ated fromone another in this process. A fracture was produced from
the substrate jpr nd i nvestigated using .a scanning

red, polished, a g
el ectron n‘icrosé%g%e ‘?Srfeg%frb&beg?%rp PRI R fig. 5. 35 Internediate
spaces which are filled with 0 2 NOV 2004 52 pol ybenzoxazole 14 are
arranged betwsen {l4i nes,. f aiuni um. _The pol ybenzoxazol e shows no
def ect s. Exaﬁg1é1£529F“#ﬁ¥%dn% )n ErgaFFWéﬂgHE§an5lEﬁéﬁDﬂés@@LMﬁﬁ .
repea’;}ed; but fzﬁﬂ yg’é'-\f. 7<;\ﬁ/as C;;llﬁglililrm eaNMpf p?Al ynﬁldtgilcli'x'?reo'fgoﬁ 19 o
trenches are Tl logdthhqut gele anpl €48, JF Pn Osonan oF
trenches 3 Ex%gple 54 Vs repeat%%?X%%?CgéFgﬁeFﬁ§Qﬁﬁgﬁl GEPnPed o
pol yner 1. HeféStédletheltHleniResdded f drbpwiwet hout thdkecsslutidn 2 SNOV
2004 53 Pat entloebaims 1k < i00) - Nyl axyam de ORmul & e e, A
VNB— M NEoNCA §:Ff6gu|a M1 “hi8%¥f%9‘ QkrLOEOETY & further
our a C and then for 1 hour at 20°cC. Cooling 1is
effected to 10°C and 5.55 g (0.0275 mol) of
dicarboxylic acid chloride 4, dissolved 'in 80 ml of
distilled y-BL, is added dropwise. Stirring is effected
15 for a further hour at 10°C and then for 1 hour at 20°cC.
After cooling again to 10°c, 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 1is
effected for 1 hour at 10°C and then for 1 hour at
20 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 y-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 polymer 5 were effected
analogously to example 1.
Example 6: Synthesis of polymer 6
30

37.25 g (0.095 mol) of bisaminophenol 3 are dissolved
in 400 ml of distilled NMP. A solution of 15.12 ¢
(0.06 mol) of dicarboxylic acid chloride 1 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
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effected to 10°C and 10.32 g (0.04 mol) of dicarboxylic
acid chloride 6, dissolved in 100 ml of distilled 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

5 again to 10°C, 16.28 g (0.02 mol) of bishydroxy
compound -2, dissolved in 80 ml of distilled Y-BLy 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

10 which 25.28 g (0.25 mol) of TEa, dissolved in 80 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 polymer 6 were effected
15 analogously to example 2.

Example 7: Synthesis of polymer 7

28.31 g (0.05 mol) of bisaminophenol 2 and 23.31 g

20 (0.05 mol) of bisaminophenol 5 are dissolved in 500 ml
of distilled NMP. A solution of 27.93 g (0.095 mol) of
dicarboxylic acid chloride 3 in 150 ml of distilled y-BL
is added . dropwise to this solution at 10°C while
stirring. Stirring is effected for a further hour at

25 10°C and then for 1 hour at 20°C. After cooling again
to 10°C, 1.64 g (0.01 mel) of endcap 1, dissolved in
20 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

30 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 mixture is warmed up to roém
temperature and stirred for 2 hours.

35 The isolation and working-up of polymer 7 were effected
analogously to example 1.
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Example 8: Synthesis of polymer 8

33.97 g (0.06 mol) of bisaminophenol 2 and 15.68 g

5 (0.04 mol) of bisaminophenol 3 are dissolved in 500 ml

of distilled NMP. A solution of 14.7 g (0.05 mol) of

dicarboxylic acid chloride 3 and 13.59 g (0.045 mol) of

dicarboxylic acid chloride 5 in 250 ml of distilled y-BL

is added dropwise to this solution at 10°C while

10 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 éndcap 2, dissolved in

50 ml of distilled y-BL, are added dropwise to the

reaction mixture and stirring is effected for 1 hour at

- 15 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 dlstllled Y-BL, are

added and the reaction mixture is warmed up to room
temperature and stirred for 2 hours.

20
The isolation and working-up of polymer 8 were effected
analogously to example 1.
Example 9: Synthesis of polymer 9

25

24.84 g (0.065 mol) of bisaminophenol 1 and 6.48 g
(0.03 mol) of bisaminophenol 4 are dissolved in 400 ml
of distilled NMP. A solution of 15.12 g (0.06 mol) of
dicarboxylic acid chloride 1 and 12.64 g (0.04 mol) of
30 dicarboxylic acid chloride 2 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 again
to 10°C, 80 g (0.02 mol) of bisamino compound 1,
35 dissolved in 150 ml of distilled Y-BL, are added

dropwise to the reaction mixture and stirring is
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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 25.28 g (0.25 mol) of TEA, dissolved in 80 ml of
distilled y-BL, are added and the reaction mixture is

5 warmed up to room temperature and stirred for 2 hours.

The isolation and working-up of polymer 9 were effected
analogously to example 2.

10 Example 10: Synthesis of polymer 10

23.53 g (0706 mol) of bisaminophenol 3 are dissolved in
250 ml of distilled NMP. A solution of 11.11 g
(0.055 mol) of dicarboxylic acid chloride 1 in 80 ml of
15 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
effected to 10°C and 8.64 g (0.04 1mol) of
bisaminophenol 4, dissolved in 80 ml of distilled NMP,
- 20 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 12.08 g (0.04 mol) of
dicarboxylic acid chloride 5, dissolved in 80 ml of
distilled y-BL, are added dropwise. Stirring is effected
25 for a further hour at 10°C and then for 1 hour at 20°cC.
After cooling again to 10°C, 1.04 g (0.01 mol) of
endcap 1, dissolved in 20 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
30 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 mixture
is warmed up to room temperature and stirred for 2
hours. '
35
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The isolation and working-up of polymer 10

were
effected analogously to example 1.
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Example 11: Determination of the thermal stabilities

All polymers described have thermal stabilities of
> 490°C according to TGA investigations " (apparatus:
STA 1500 from Rheometric Scientific, heating rate:
5 K/min, inert gas: argon). The isothermal mass - loss
per hour (at 425°C) is < 0.6%. |

The polymers described thus meet the requirements for
the applications stated at the outset.

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
process is expediently effected on a shaking apparatus
at room temperature. The solution is 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
of polymer.

Example 13: Improvement of the adhesion by adhesion

Promoter solutions

By using adhesion promoters, the adhes1on of the
polymers to surfaces relevant in microelectronics, such
as, for example, silicon, silica, silicon nitride,

tantalum nitride, glass or quartz, can be improved.

Adhesion promoters which may be used are, for example,
the following compounds:

dlor f =1, is0* H*---C—~0k Ci~ O
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0.5 g of adhesion promoter . (e.g. N- (2-aminoethyl) -3~
aminopropylmethyldimethoxysilane) is dissolved in 95 g
of methanol, ethanol or isopropanol (VLSI-Selectipur®)
and 5 g of demineralized water in a cleaned, particle-

free sample tube at room temperature After standing

for 24 h at room temperature, the adhesion promoter

“* R HORI 00, _ ~C-CSC\ p * HZ 0 B8 NOVQ2f4
oH3
H~ -

solution is ready for use. This solution can be used

for 3 weeks at the most.

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

‘spin-coating technique. For this purpose, the adhesion

promoter solution is applied via a 0.2 um prefilter to
the surface to be adhesively bonded and 1is spun for
30 s at 5 000 rpm. This is followed by a drying step

for 60 s at 100°C.

Example 14: Application of a polymer by the spin-
coating method and cyclization to give the

polybenzoxazole
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A processed silicon wafer which has lands and trenches
up to a minimum dimension of, in each case, about
150 nm is coated with the adhesion promoter, as
described in example 13. Thereafter, the filtered
solution of the polymer 1 obtained in example 1 1is
applled to the wafer by means of a syringe and is
uniformly distributed by means of a spin coater. The
spin coater speed is 2 000 rpm. The polymer is then
heated on a 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

polybenzoxazole thus obtained ié inert to acids, bases

and organic solvents.

Example 15: Determination of the adhesion of the-

polymers on a titanium nitride layer

A 4" silicon wafer is sputtered with a 50 nm thick
titanium nitride layer. The solution of polymer 1,
obtained in example 12, is applied to this wafer by
spin coating, for 5 s at 500 rom and for 25 s at
2 000 rpm. After a short softbake 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 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 the force for polymer 1, which wés
required for shearing off the chips, is 17.84 N/mmé.

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

-Q/QECF x C_-- 0 ~s
a ~CF3 *"C"CHC C*-Q vCH2 0\ rC Qo\ F-C _-

o\ ~~Hue- | * ~S~z 0O Rs Qis * _~-* O\ HarCa *y H:CHZ 0,~C*Q-~C
Qo
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.Example 15 was repeated, but the surface of the wafer

and of the chips consisted not of titanium nitride but

of tantalum nitride. The meah value of the force for

polymer 1, which was required for shearing off the
5 chips, is 16.79 N/mm?.

Example 17: Determination of the adhesion of the

polymers on silicon

10 Example 15 was repeated, but the surface of the wafer
and of the chips consisted not of titanium nitride but
of silicon. The mean valué of the force for polymer 1,
which was required for shearing off the Si chips, 1is
18.27 N/mm?.

15
Example 18: Determination of the adhesion of the
polymers on a silicon nitride layer

Example 15 was repeated, but the surface of the wafer

20 and of the chips consisted not of titanium nitride but
of silicon nitride. The mean value of the force for
polymer i, which was required for shearing off the
chips, is 16.52 N/mm?.

25 Example 19: Determination of the adhesion of the
polymers on a silica layer

Example 15 was repeated, but the surface of the wafer
and of the chips consisted not of titanium nitride but

30 of silica. The mean value of the force for polymer 1,
which was required for shearing off the chips, 1is
17.88 N/mm?.

Example 20: Determination of the adhesion of the
35 polymers on a silicon carbide layer



; | 4, in each cas

- ryl group or a heteroaryl group; R3 and R4, oV 2004
?;gggénggnﬁlg gre g substituted or unsubstltuLFd 2L§yle2ﬁ, agﬁlengggﬁ

’ - i s *\ / *~Hz R6 is -H, - ~OH, -SH, -COOH,
cycl oal kyl ene group; R5 i s e T LSS
’ | or heteroaryl group, and
_N(Rzégb an~a}k¥l’ciéy C- Gtz H 0 2 NOV 2004 63 y HO C-C OB A\ ~ 1\
*Q--C3|42*--~O42_0\066‘*QCCC*---43CX\*Q* "Q5R * NI R5 0 0

CC*,_QH:CHZO\_C-C-C*QO* .NO Rs O *. QZORS

R

Example 15 was repeated, but the surface of the wafer

and of the chips consisted not of titanium nitride but

of 5111con carbide. The mean value of the force for

polymer 1, which was required for shearing off the
5 chips, is 16.75 N/mm?.

Example 21: Determination of the adhesion of the
polymers on a tantalum layer

10 Example 15 was repeated, but the surface of the wafer
and of the chips consisted not of titanium nitride but
of tantalum. The mean value of the force for polymer 1,
which was required for shearing off the chips, 1is
16.20 N/mm?. '

15
Example 22: Determination of the adhesion of the
"polymers on a titanium layer

Example 15 was repeated, but the surface of the wafer

20 and of the chips consisted not of titanium nitride but
of titanium. The mean value of the force for polymer 1,
which was required for shearing off the chips, 1is
17.06 N/mm?.

25 Example 23: Determination of the adhesion of the
polymers on a polyimide layer

Example 15 was repeated, but the surface of the wafer
and of the chips consisted not of titanium nitride but
30 of polyimide. The mean value of the force for polymer
1, which was required for shearing off the chips, 1is
18.04 N/mm?. |

Example 24: Comparative example for adhesion
35
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A polymer which was prepared analogously to example 1
of US 5,077,378 is dissolved, as described  in
example 12, in NMP. Examples 15 to 23 are repeated with
this solution, a solution of the polymer from
5 US 5,077,378 being wused instead of the solution of
polymer 1. The following mean values are determined:

Titanium nitride surface: 14.71 N/mm?
Tantalum nitride surface: 15.69 N/mm?
10 Silicon surface: 15.21 N/mm?
Silicon nitride surface: 14.03 N/mm?
Silica surface: ) 14.94 N/mm?
Silicon carbide surface: 13.37 N/mm?
Tantalum surface: 13.96 N/mm?
15 Titanium surface: 14.07 N/mm?
Polyimide surface: 13.02 N/mm?

Example 25: Determination of the chemlcal stability to
organic solvents '

20
Polymer 1 was applied from 20% strength by welght
solution (solvent NMP) to three 4" silicon wafers by
spih coating, for 5 s at 500 rem and for 25 s at
2 000 rpm. After a short softbake for 1 min at 120°cC

25 and for 2 min at 200°C on a hotplate, the wafers were
heated for 1 h at 400°c in a nitrogen atmosphere in an
oven. After cooling to room temperature, one coated
wafer each was heated for 5§ h to 50°C in NMP, 1in
acetone and in toluene. Thereafter, the wafers are

30 dried for 60 min at 200°C in wvacuo and the mass
difference is determined. No delamination phenomena
were observed.

Mass decrease: NMP 0.9%
35 Acetone 0.5%
Toluene 0.7%
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Polymer 2 ' was applied from 20% strength by weight

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 for 2 min at 200°C on a hotplate, the wafers were
heated for 1 h at 400°C in a nitrogen atmosphere in an
oven. After cooling to room temperature, one coated
wafer each was heated for 5 h to 40°C in concentrated
HCl, in 50% strength sulfuric acid and in acetic acid.
Thereafter, the wafers were dried for 60 min at 200°C
in"vacuo and the mass difference was determined. No

delamination phenomena were observed.

Mass decrease: : Conc. HC1 0.5%
50% strength H,S0, 0.6%
Acetic acid 0.2%

Example 27: Determination of the chemical stability to

bases

Polymer 3 was applied from 20% strength by weight
solution (solvent NMP) to three 4" gilicon 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 for 2 min at 200°C on a hotplate, the wafers were
heated for 1 h at 400°C in a nitrogen atmosphere in an
oven. After cooling to room temperature, one coated
wafer each was heated for 5 h to 40°C in 50% strength
NaOH, in 47% strength KOH and in concentrated ammonia.
Thereafter, the wafers were dried for 60 min at 200°C
in vacuo and the mass difference was determined. No

delamination Phenomena were observed.
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.25 Fornula I'l in which Zis Z1, Z2 or Z3, and Z1, Z2, Z3 and Rl hgue Pﬁ\p%m

meaning stated in claiml, 30 is reacted with at Ieast one di carboxy I C
acid or one activated dicarboxylic acid derivative of the formula |11 02
NOV 2004 66 0 O ~Y~ 5 Forrmula Il , in which L is a hydroxyl group or an

activating group , Yis Yl, Y2, Y3, Y4 or YS, and Y1, Y2, Y3, Y4 and
Y5 have the neaning stated in claiml. 16 6. The process as clained in
claimb5, wherein the reaction is carried out in the presence of a base. 7.
A process for the preparation of a polybenzoxazole as clained in cl aim 4,
wherei n a pol Y355 %Qﬁ%m de ofSihestoemytia Nads heated. 8. An

el ectroni c conmponent conprising aQ@l@&é%ﬂ’%‘k@ﬁ’ contains a

pol ybenzoxazole as clained in claim4 A proc%ss for the
production of an el ectronic conportéiC asimeiied in cl@il% 8, wherein a

sol ution of a poly-o-hydroxyani de of the formula | in a solvent is
pr epar ed, theg?%l ut| o%% I|ed to, a substrate and the solvent is
evapor at ed so ‘M- GO ek tPE Ehenfliislresred coanstdert tof

~cyclize the p@b}ymehydroxyam de of the formula | to give the )
pol ybenzoxazole as claimed in claim4, and the filmis structured in order
to obtain a resist structure which has trenches, a conductive material is

deposited ~onThRe Eeststsstupctused sddﬂﬁatdetﬁuhﬁlrrelﬁ@e&k@ edﬁ.'e'l'e%‘éfﬂ!' th the
conducti ve mat:gﬁg@la an tlve erial 1s renp fl 2 Nov
200 67 1? ﬁ?{ocesxsltf org t%)rf\%%girso ucq?L n of BATERSELFoKRE ébﬁﬁ@ﬁé‘ﬁfﬂ &8
“claimed A cl 3 8,(2&Rer EitFenctd utsOm wifora) pohnyd o- tiydr oxyaat denof whke
formula | in di%ekveat Wridy epaeed h ut i pl.ied to ubstrate
PaceturbioRg W 9%’“?’ 238 ?V&WQrgnzhég‘ are

whi ch has, on_its surface, tallic structures Ween
arranged, theP8hFentt S e9abbFAPR 160 2PREiede byt esies ceneifigl sl wi t h

the pol y- o- hysubzyaatde Iof onhewhotRUl2 600 nm thick Ti layer 2 is

already present. The layer 3 is dried aﬁ +120°C and

15 200°C, for 2 min in each case, on a hotplate and then
heated at 430°C for one hour in a nitrogen atmosphere.
Titanium electrodes 4 are then applied by sputtering on
this layer 3 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
Sspectrometer 6, and is determined as  2.47 in a
frequency range from 100 Hz to 1 MHz .

25
Example 29: Determination of the dielectric constant of
rolymer 2

The determination of the dielectric constant of polymer
30 2 was effected analogously to example 28 and gave a
value of 2.58.

Example 30: Determination of the dielectric constant of
polymer 3
35



.10 1, and the substrate is heated in order to cyclize the 02 NO
pol y- o- hydroxyam de of the formula | to give the pol ybenzoxazol e as JiX.#Hﬁ
inclaim4. .Al.A.AL.AA(&A . .A A
"L.An. An. A Aa. A A A[. A Al . Au. A3_. AHY. A. Al % A . Ay39. ALYy2. A A A
. A3. A. ANY. AaF. A Au. AY. A. A. As56. AY . A
.. AY9. Ay3. ASU. Al . AfL. A AS. AS(. Af, . Au. Ayl 4AL5&. Ay. A(. A 3. A AL. AL. AyF
- Aa. As. Ay. A9r . AyH . AfL. Af[ L. AY5(P gCBA45 BC
AA(A# H. T 2?2227272°27227?227?2°?7?7° <>9pp9p>>>x>x>>>>>>>>>>px>px>px>px>px>px>px>px>px

>pX>PX>X X >X X > PR FD PP KPXR Px k bep KRR 8Red &ﬂﬁ%%%ﬁ%¥&§§%&§§§§§4<l<I<
X|X|X<X<<|<|<€K<ﬁé§rﬂff€é>éék:539%%%7~3%?>€7><7xx0<8 ?2>?20?X~. A08XX <SX><<X|
| xqgx0| | ?~ I>><”< | ] 2 2 BESSPEFY SkB 2| FFEREE 928 8% | @syexsx><8x ?

xp<x<x>x>x’><| vl |u|e~| >’9’> ~| X| X<| <~| | | x>~ >’>’>><<<<<x| | >| <?><?<x>Xx| <~px>p| <?

|<|<|<|<|§|<| 9|H%§<<<<<<<<7<>|>???????????x GACCAS5 CC
(. . >-xx B> AL e s g 00| pip? fiEiakiers?| [ohskhekonld >>><<
x|xxx|<9> | X ?PRipinex?4| | <| | ~>~>8| x8| | 9>?8?7~" <xx8| 8| ?>>| <x>p>08~8~| <x| <| <><
p| >>p| <>xx>p>x<| | | <>>>| <~>x| 2<| xx>8<<><~| xx><x| >X| | X>| >>x>?>8| >?| ??| >><<>xX
XX <~X~>?~ >>xL><x<<9><>7<a>>x<0a> cC~?>~" 0| ~<<x8| ~~x<<><8xpx| ~?| ~>>>?>~| ?|
>| | ~x><L ;<x>o11"<eo;ar<ejs@rauna<:zc5<|ovc>>&8e<paiered;)eff}:I géﬁégggg« : g F‘%Iexl pg;xgl
X >p| >> >| > > X > XX ?X X > X x| ?2x 2>
e gl e LT
88( 8#. #. <|~5@ BE-9I2 951999>9 27277 ~x77|7<|<|7<77 >><| | | XX>~XXXX]| | <~x>~| <
[T |‘>xpppxxx<<<<<>><>|>x>px<x888°89xxxxp|p<p9° ?<8?x0x~x?| <???° ?~??| ~?X
TX~?X??2X?X??p2 !x97 99979<~977877 79x?????????????????|97<<77|?????x79x99|7
| ?| 7>~?<?>~>%
8|<<>><?>>7>q;§mﬁh§¢|}ax<|979| T >p>>><~ |x|<xpp~~xxx||x<>x>9>x>|<|<||>|x9
x>><0|9|~~>>99>|3|9>9>9>~9|9|<99<|9x8998<9<><x9x99898988<?p|?>??px|~?~?x??:
nn45 nC

(#. #. 88ﬂ%k|L&ﬂeq¢@$¢Rmﬁﬁa©idﬁXéﬁ>tﬂé<@ﬁ%ﬂ%ﬁﬁﬁ%&?71§{ x< 8<<7>>>7><~x|>
Xx>| X8| p<x>mxf<§§§xg@g:»x: |£<£f<<x?8?<| ~8>X 7<| ~8 Es 8< xg%pﬁ§%6x888<8
88-8~78>8<8| <xx?p<] p<x- 7575>-SPApR9B1S ¥|‘ﬁ°|§59mp p2and<gavy |&2<| | | <
| 27~ 999<9~~966§*&% 49 277~ >9°>>°|9°|99x>x>p<~?<998|x1|x9<|x|x~~919|°|x°

~X7XX7>|>7>|<7~><<<|7X7777>><><<|8X|8XXXXXX|XX|XX<Xp<<<>>>>||<<<< <<XX?p?p|
?x~xxx|?><<~ ~— <~7<x >X?2?20X?2?2?7>~222~>727| X?>| 2>?X?22?2~222272X?2??2~>~~2?p
| 2722082077275 22‘%. > *55%1 ..... DRI | amokd 2EQR 24 Pe PeoR2) @ 28R R K 2 2X >X X~
x|~x>||2@>|x<x°|xxx>xx<||xx>~x>~x9|x>xxx>xx|xx9xxxx>xxx|>xx>><xx | XXX| ~~xX~
XX?>XX>| XX| P%XX x8>x8>x87x~x<87x< X>08xx<x| x<| 0] x88>| 8x>x8<~x8>| XX>XX>XX
X8x8xx8| x8<x8>xg | X o J[e‘éxﬂ%“[ i <d]o-g2xampliec| 28>|wxth x|d | >| 7>~
| ?| ?2x~| ~<~ >9§Oi¥m9©3a99?%pa?bar°|abaabgﬂukahx° %?797777%§ﬂ§; h_O?????.-UKK
45 KC Us 37§ av

(#. #. p?>>8?2028~ ~~??{>??.~|§1 G 2, G35HRCErIC Jgensbant a3l | kppEhm?p?p~X
~| <>><?~ 0|70§f? RSN <XanPe? TTeR- 29N W2 2R MAR 22 ?22272227<g~<<??<?>2?220?7>

XX?<>?2725| | ?| ?7<~ ~>>?7>>>>>?7><| | X| XX>X>X>X >>>>>|>|>|< <~X~X>X>>~| | | ~| ~| >?]| |

|||||<|>|>9| ! !L >>>>9>9>9<<<<<<9<x9xx9 ||| <>P<~?277?~ ???????>9 8877071
2777~ 777777%x g

??7xX: [ XX\ 4554

\\ (\'#. #. 0?8~>8 Tx|~~|>§§5><§QPH%@Q:qf¥§m$<55@%|~3tﬂen9?h99682u?1bhxl~<c ~>
g??7<f <>>7>> FIX | NpBP~ bVIk%ﬁRP?ﬂaasmﬁgltBy%%Qﬁpﬁﬁl{ @%8 ~~°°>g§><>|> <
>| x~2~| 37| ’?-kﬂ 2% ?X <[ >>=<<| =273 2?7~2>~>| ? p>~>~<~| ??
>~7~ >||>|<<x>;§§£9<<ET§|<Fi>||x~9§9<é5~~5 Jﬂm£~J3880Q§<<S<8aﬁa<8<<x<
| 90<xp00| >?P-FAD Fem 2 Besp>axahprt~ B%ik:bé’?c%%i&?rXPhhi(IHétH2233591312‘ | ~>~| >~
<P<~| >~| >SXx<=> I 22| ? | 77>9~~ D>~<>~ d >| ?2>| ?~>7?s| 10<” ???
9>|9||>x>|x>997;§§9x|x{ §§E>§%$ >>> F~ x < 43L 8&<§>§£~ ‘J>7wwxa><7<9><
?2>x><?<x~8254F 3ﬂ3§ﬁr$E%Q$Pb?Pe|Qﬂ?iﬂ><0?eﬁ||<Mu9|ma$§|b&>@mq§ﬁgﬂp9

f e?&?045 &?@s determ d
00( O#. X??? 2277227 75%%%77>2¥ppn§§§§%7(%% 8 80@&@5@ooégeaﬁ 27BBBGE 22279y x

oo e PR e ]’ﬁn’:@q@?@p°1>ab91i>wa|f>e'r~'i-s>>ﬂ¢éa‘p?aat>cpre@~@8f° 25| -]

><<?>77<| >x [P 28D pNrpEs| | REek?~ d2e 22222 2267 i >| ~><>>
<<88<<<<<<|<|>x<||>8||~8<>|8<x89<9<<<<<<%9§F¥§8>?< < E éﬁ IL§§Lg$%<8|OXOp

<<<<<<<’?’?’?’?’?’?’?’?’?’?’?’?’?’?’?’? Zl 45 | C

(#. #. 20 0??7~0~8X?X?X<~| ><>| >X~X~| | ?2>??27?| >?>| >c| | " | >pp>~px?x?x>>p| x>| x>X| Xxp0
P??~XXX?<| ~>><X~>~>| ?x<<X| ?>| | Xp?<~3pp< ><<q8<~80?XB?<>| | ~<?~~| >?>>| <~| ><" >
<=x>| 3| 2x| >x| ~X| | ~>x<>~>x>| 2>>| 2xx?| >>| 2| <| ?| | 2xx~| ?>| ~X| ?| >~~?| ?~~>| 2>~~7>

Y- s . A O N



‘U] cMa] cal] ca] ca] ca] ca] c*a] ca] c*a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cghl] WOV 2004
gJU]P(F;{?] Si;ﬂugﬂ ge\L/J]\l:;?cai ga] ca] ca] ca] ca] ca] ca] ca]I EaLcal]an] cal ca] ca] ca] caU] caJc
| ?] ggl—)clg]nfg\_qzala!:?g} g;ﬂ:gﬂzsg} gg} gg{f]fg!a]cggcgg]cga} ga@J]) Klg][ ;?gt;ﬁx’r;g]b{:\a}\]ﬁzggi:glg?
]c;iag]" ;ia]c;iaz:/]af2}515:21;1?2!31(L:J]a1:;?]c;?]c;ﬁ:((:a?]c;ﬁ:a] 2]( g?éa] ca] ca] ca]ca]c"a] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] cFal

| $( * 48: hkng#uSdni davﬁymt\h]emm@]mq ca’l]ed:&];ﬁah@&lﬂ]o@a]ﬁ@éﬂ eakealea) cajgal cal ¢
ngZ]E(;)]Q(\:/]a]bF? %ﬁ’ 5}"6r rrhb] Xmgb\ Wﬁﬁﬁﬁ ‘c$a ac:a a]fé%f] cdla®a] & cay] ¢

’ ca] @ah@]lta]:ed] ca]EcraincaU]te@] Camass
g]:gp]\/jcﬁ]ngg% fgdhdifemleh&\eV\]] caj gg]lJ](:ge‘Hfi:a]' ca] cal ca] ca] ca] ca] caU! ca] cal ca{(cg]r ﬁf
a] ca] c2a] ga] c$a] cal] ca] ca] ca] c$a] ca] c2a] ca] ca] ca] c$a] ca] c$al ct wzQ*aei ya] ux
C} xsnhc”YT]] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c/e\l] cal ca] cg} gaU] :
L7 ca] ca] ca] ca] ool o] oal oi] cul au oy ol sy ouy oa) eal cal cal cal cal cal ca] okl ca ¢

a ] cal c
o cal cal cofcal el oo colcs) ol cal el cal calin) ca)cal ca carcal onf cal cal e
z];(|6|10(V§3( )162%'@??@@%253i(:)(yzél(n?sg?foatﬁcaﬁev "109& (()) -I> 10%)8;?/8 8& I;? "10
%CCE ( =1 4 &" 10YAUAUL (gﬂ $! L& 109/UYU&' () - $&L10% U& () - $I 1" b L (
10: 10 T HREY) 1 Wag6 ¢ w&m&m&m; 289 AL LR - By &b Qe
W -8 i L S as o LQ % gy Lgfd?%d& d@/&o%&S(s)lrelouu
Ugt ()i j kI {}ust! Y#10%<<&' 0)- s!l EYﬂ'#lo J-3 Lo
10UU 10UU! + ST @quéﬁvnsp#po%;(n) A1 00hé &56) usl bn is

Z#10%& ()-!, Q%)ﬁm&()inosyl'D%%ogﬁ)l%&?%%o%t&' %%1%%@ ALV e ac
1o f‘#ggw&?’f‘)l gor%yf%sﬂr%w.%? BhAck: 3¢ sl avanods: dries M9 @ (3io at
0°C and then for 2 min at 140°C on a hotplate. By
means of the subsequent cure process for 1 h at 400°c
under nltrogen, the material is converted into the
corresponding polybenzoxazole. A 150 nm thick Si0; layer
is deposited as a hard mask on this -approximately
20 700 nm thick PBO layer in a PECVD wunit (Novellus
Concept 1). This hard mask is structured by means of
standard lithography -and etching techniques. The PBO
layer is then structured via the structured hard mask
in oxygen plasma in an RIE unit (Lam XL). After
25 deposition of a 10 n.m TiN barrier in an AMAT Endura
5500 and application of a thin adhesion promoting and
starting layer (50 nm Ti and 100 nm Cu), the structures
are filled with copper by electrodeposition (Novellus
SABRE System). The projecting copper is then ground
30 back in a CMP process.

A fracture was produced from the substrate thus
prepared, polished, and investigated by means of a
scanning electron microscope (SEM) . The scanning
35 electron micrograph is shown in fig. 3. The copper
lines 7 are embedded in the polybenzoxazole 8, the
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of polymer 1. Here too, bubble-free and crack-free
Structures exhibiting strong adhesion are obtained.

Example 37: Damascene structure 3

15
Example 35 was repeated, but polymer 4 was used instead
of polymer 1. Here too, bubble-free and crack-free
structures ekhibiting Strong adhesion are obtained.

20 Example 38: Damascene structure 4

Example 35 wasg repeated, but polymer 7 was used instead

- 0f polymer 1. Here too, the same result is obtained,

bubble-free and crack-free structures exhibiting strong
25 adhesion.

Example 39: Damascene structure 5

Example 35 was repeated, but the material from

30 EP 0264678 Bl, example 1, was used instead of polymer
1. Here, the structures exhibit cracks and adhesion
problems after such a process sequence.

Example 40: Dual damascene structure 1
35 '
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Y‘loqa&f()_)?gﬂiough a membrane having 0.2 um pores. The solution is
applied by spin coating to a silicon substrate at
5 2 500 rpm for 25 s, and the layer 2 is dried for 2 min
at 100°C and then for 2 min at 140°C on a hotplate. By
means of the subsequent cure process for 1 h at 400°C
under nitrogen, . the material is converted into the
_ corresponding polybenzoxazole. A 150 nm silica layer is
10 then applied to this approximately 700 nm thick PBO
layer by means of a PECVD unit (Novellus Concept 1) as
a so-called hard mask. The hard mask is structured by a
standard lithography process and a plasma etching
process and the photoresist is removed. A second layer
15 of polymer 1 is applied to the structured hard mask.
The 20% strength solution of polymer 1 is applied by
'spin coating at 3 0Q0 rpm, dried for 2 min each at
100°C and 140°C and heated for 1 h at 400°C. A 150 nm
thick silica layer is likewise deposited on the second
20 PBO layer, as a hard mask. This layer is structured by
standard lithography with a subsequent plasma etching
process. The two PBO layers are then structured in an
oxygen plasma wvia the Si0; masks in an RIE unit (Lam
XL) . The structure shown was investigated by SEM. The
25 micrograph is shown in fig. 4. Arranged on a lower
layer 9 of polybenzoxazole is an upper layer 10 which
is likewise composed of polybenzoxazole. Depressions
have been etched into éach of the two layers 9, 10, the
vertical sidewalls 11, 12 of the depressions having no

30 irregularities and possessing a smooth surface.

Example 41: Dual damascene structure 2

Example 40 was repeated, but polymer 3 was used instead
35 of polymer 1. Here too, defect-free dual damascene
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Example 42: Dual damascene structure 3

5
Example 40 was repeated, but polymer 8 was used instead
of polymer 1. Here too, defect-free dual damascene
Structures having vertical and smooth sidewalls are
obtained.
10

Example 43: Dual damascene structure 4

Example 40 was repeated, but polymer 10 was used

instead of polymer 1. Here too, defect-free dual
15 = damascene structures having vertical and smooth

sidewalls are obtained.

Example 44: Filling of narrow trenches

20 Polymer 1 was dissolved in NMP (20% strength by weight
solution) and the solution was filtered under pressure
through a membrane having 0.2 um pores. This solution
was applied by spin coating to a substrate on which
metallic structures were already present. After the

25 solution has been applied by spin coating, the layer is
dried for 2 min each at 100°C, 140°C and 200°C on a
hotplate and then heated for 1 h at 400°C under
nitrogen. The metal structures, some of which have an
aspect ratio of more than 4, the distance between the

30 Sstructures being only 120 nm in some cases, are
electrically insulated from one another in this
process. A fracture was produced from the substrate
bPrepared, polished, and investigated using a scanning
electron microscope. The micrograph is shown in fig. 5.

35 Intermediate spaces which are filled with
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10 Example 46: Filling of narrow trenches 3

Example 44 was repeated, but poiymer 9 was used instead

of polymer 1. Here too, the trenches are filled without
defects.



10 10 10!5109% ()- "510%t 6& () - slt)w%'lgg/é&ﬁg #hl#jdl#gzlgr (gl)écy«"' Xmgwka?zua#
| F10% & ()-" 51 F10%"1& ()- = . % ()-"1d1o | X" &

& 10048 (§2j#z######|[:r(p1 o' 10%& ()- 9 109& ()- ~ 10% &%(&') -
10%& ()-0 F 10% & ()- MF 10%>"a& () - ##ass| [T Q1 GO ()-

b*, @OW#HVE ()-G |, @O%E ()-G  , 10%/#& ()- ~ , L0%& ()- 90/ .

109048 () - #$$$8$/ $28| [: r QUL L6 10%4& ()- & 10%0H& ()- & 10%:& () -

0& 10%0#& ()- s' 10%H& ()- s

Patent claims

1. A poly-o-hydroxyamide of the formula T

S Ch o O SR VAR

5
Formula I
in which
10
M is
n .1
#o OOy .
f
15 M? ig
R' o 9
N—zi-N g vi-Q
W NTT LN~ — il O e ™
H | A
OR
’ .
- M), M*and M°, in each case independently, are
20
g o
#==N—Z=N~—C—yEC—,
B | A -
OR
or
0 0
1 ” 4 “
* = X=C=Y~=C—y



109%& () - 2$$$$$S$SVUAL  S10%H& () - &L0%H&' ()- 3%40%t& () - 31010&3

L3109%& ()- "L310%& ()- $$$$$S$|[: vUsl  91094& ()- f210%& ()- &B£189%:Q00h .

99$ 1094& ()- " @LO0%t& ()- s 109& ()-$$$$$$S[ 2vL41 9L’ 10%t& () -

#3Y9OL' 10948 ()- 9L' 1094t&' ()- OL' 10%#&' ()- 9L' 10%#& ()- $$$98084 2vUsl

oL' 109%t& ()- 9L' 10%t& ()- #3YU®L' 10%& ()- 9L' 109%#& ()- 9L' 10%&" () -

08888886 2VUAL 9L’ 10%#&' ()- 9L' 10%#&' ()54 9L' 10%#&' ()- #3Y%OL' 10%#& () -

oL' 109%& ()- 96 % 9886 % % ?vU4l  OL' 1094t& ()- 9L' 10%#& ()- 9L' 10%t&' () -

oL' 1094&' () - #3YU®L' 10%t& ()- - % 909BYB% %<% <vU4l  #3YOOL' 10%t& () -

oL' 109%t& ()- 9L' 10%t& ()- 9L 1(&/#&' (P - |
2 5 ,

7
M is

R* .

*""N—ZLN-—
g 1.8 7



#IYUSOBYAUCYS Y%A 9% DvUAL  #390L' 10948 () - #3Y9OL' 1098 ()- 9L" 109H& 4By 2004

OL' 10%#& ()- 9L' 10%#&' ()- LYOUQMIXONRL " 2vUal  # L3Z10%#& ()-9L' 10%t& () -

#3YYOL' 10%t& ()- 9L' 10%t& ()- 9L' 10%t& ()- W&*Wrx*y***\WvU4l

'S&"10%t&' ()-Z# & 10%#& ()-( $10%t& ()- 10#10#10# - 10%#& () -

f109%¢& ()-NWke, r--1.\/qO|[:vU4l H L!"10%#& ()- ML!"10%& ()- "10% #
& ()- “S& 10%& ()-Z [ s& 10%t& ()-Z " Ss&10%t& () - Zq0x11111112vU41
L"1094:& ()-m " 1096:& ()- 940%t& ()- 10#10#10# C L!"109& ()-

Q L! " 10%:& ()-2344567| [ : VX C"10%& ()-g V "10%& ()-g " 10%t& () -

s, 10%4& ()- [ L"10%#& () {im 1" 10%¢& () - nV8X9Y9Z9[ OhOkaSy Ud1 L91098B& () -
T109B& () - &109B& () 10#L0#10# " 10%4& () -gsW " 1oo/gg+ <= +>W>|[ vl
| 10988 ()-% R reegs | " 109R$&E (Y% M -% 4
"10% $[ & () - % <| " 8L 6 )= ANP )} @@ @@ 3 O-

910%& ()- &310%& Y, 5" 100/&@ O

, 5" 1098& () - @A0AAAIBB] [ "N\ 9" " 1096& () o , 1m@&()

3109%%$& ()-3 xt310%&' ()-3 10% $; & () - BCOCDDD| [ : vl ¥ & ()- s3

1098& ()- j.10%"& ()-F 0% & ()-F M F% 10%& () -

F% 109%$& () - DeDf DgDhDUDxDDDvU41  L10%&&& () - 9&1098$&&' () - 1098$8&8: ()-
FOYL0%@$8& () - 10$10$10$ 8"10%6& ()- DDEXEEF G [:vU4l  H & 10%$>& ()-

&' 109Z$7& ()- "9 "109%&Z& ()- 9 "109%8$&& wnow&$&&'(y- Ss109R$&&' () -

GHI JJJJ$J Jvudl L10%$&*() %4.0%$& () - |1 o$10$ [ & 10988 () -

H & 1096& ()- R & 1098& (=" JKKMNNOQ [ VN&Z* H+"1098& ()- &L0%B& ()-
S &#10%H& ()- V' &#10% @Nb(l _@%& ()jQQQQ) Q QQvua1 'Y
Q




1 10%$& ()-M 910%>$L& ()- | %40%>$L& ()- 10$10$10% H +"1098& ()51 vov 2004
[ +"10%& ()- QGRSS=TUU| [:vU4l ' H#"10%6$9%& ()- MH"10%>$=& ()-

1 109%.>$L& ()- 9 &' 10%3$& ()-t C& 10% >$/ & ()-t Y

110% >$t & () - MUUVSVARW WBVOW S21  910% R$™ & ()-& % 10% R$ & ()-F&10 >$ 10
>$ 10 >$ - 0°°3"10%>$ & ()-@ " 3"10%>$*& ()-@! O#" 10%f Lf & ()-9W
XXXYZ*[|[:tS21 5 f"1090R$9& ()- | f"1Q¢R$4& ()- f"10%IR$d& () -
L10% RS & ()- ! 10%R$y& ()-9 :1109R$& ()-9*[[\]]1]11]]{m Q01 &310%e$s& ()-
100qg°q 10°g'q 10 g q! 03(" 10(Vq q& () \A 3( 10%R$>& () - V' 3("10% R$" & () -
3("109%R$x& ()-111111111: _ DS g 10%&e8s& () - 10%e$s& () -
10%se$s& ()- s1l0%se$s& ()- ) ' 10%se$s& () z
S109%e$s& ()-y 10%se$s& ()- SR g &)

210%se$s& () - " a\ bf bvbwbxbyb| [NA41 10 e$ S 3
S710%se$s& ()- W10%$&' ()-G [ y10%ies :
ey10%$G8 () - Gybbbbbbbbb| ohldl &1 0 10 L10% & ()-S L 10%
& ()- 10% & ()- &Y10% & fbbY ~F TN - @ L&L0YAH&' () -
t109%t& ()- 10% & ()- 109 ‘ «10#3( 10%¢& () -
5 10%& ()- S210%t& ()- @ & T0%& ()- @ Sfy10% " & ()

B@L0% & ()-cccccce>dbA4l 19# 910%t& ()-S 109 & () - 10%&' ()-L

109%#& ()- &10%t& () - 10#10#>d@EJQIRA[ d_d|[: A4l 10 10%#&*)-  10%t& ()-@3
109%#& ()- 10%t& ()- 1094 & ()- s10%t& ()-_d{ddddd$e| [: A4l 10 2-10%t& ()-T
hy) 10%& () - y) 10%4@& ()- %0%t& () 9$10% & ()- @

"910%#& () - $e, e. e7p8e9e: eGele 1 510%t& ()- f &10%¢& () - 10#104%0# f
310%& () - 47Y, R . : 109%#&' () -
10%+& () - L109%#& ' 1) [ vual
1 " #10%& ()-S #10% ‘ YOS

1098 ()-@fffffffffvudl 1 3910%$& ()- "<910%& () 1ocy<9+$9& () -
%81099+$9& () - _

1 3 ; :
Z° and Zz°, in each case independently, have the
same meaning as stated for z?, and are furthermore
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R? is -H, an alkyl group having 1 to 10 carbon

atoms, an aryl group or a heteroaryl group;

R’ and RY, in each case independently, are a
substituted or unsubstituted alkylene,
or cycloalkylene group;

10 arylene

R’ is

«—H *+§;—)i—cas *+CF2
0O =0
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R is -H, -CF;, -OH, -SH, -COOH, ~-N(R?) 5,
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an
alkyl, aryl or heteroaryl group, and
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R is an alkyl group having 1 to 10 carbon
atoms, an aryl group or a heteroaryl group;

5

a is 0 or 1;
b is 1 - 200;
c is 0 - 200;
d is 0 - 50;

10 e is 0 ~ 50;
f is 0 or 1;
g 1is 0 - 100;
h is 0 - 100;
i is 0 - 10;

15 k is 0 - 10;
1 is 1 - 10;
m is 1 - 10;
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3. The poly-o-hydroxyamide as claimed in claim 1 or
2, wherein at least one of the indices ¢, d and e
15 is not equal to zero.
4, A polybenzoxazole obtained from a poly-o-~

hydroxyamide of the formula I.

20 5. A process for the preparation of . poly-o-
hydroxyamides of the formula I, wherein at least
one monomer of the formula IT

R:l
H,N—F—Ng,

th‘

25

Formula II

in which 2z is 2!, 22 or 23, and 2!, 22, 23 and R
have the meaning stated in claim 1,

30
is reacted with at least one dicarboxylic acid or

one activated dicarboxylic acid derivative of the
formula III
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-t

Formula IIT

in which L is a hydroxyl group or an activating
group, Y is ¥', ¥?, ¥3, ¥* or Y%, and v, v?, v, oy
and Y° have the meaning stated in claim 1.

The process as claimed in claim 5, wherein the
reaction is carried out in the presence of a base.

A process for the breparation of a polybenzoxazole
as claimed in claim 4, wherein a poly-o-

hydroxyamide of the formula I is heated.

An electronic component comprising a dielectric
which contains a polybenzoxazole as claimed in
claim 4.

A process for the production of an electronic
component as claimed in claim 8, wherein a
solution of a poly-o-hydroxyamide of the formula I
in a solvent is prepared, the solution is applied
Lo 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 4, and the film is structured in order to
obtain a resist structure which has trenches, a
conductive material 1is depos1ted on the resist
structure so that the trenches are filled with the
conductive material, and excess conductive

material is removed.
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A process for the production_ of an electronic
component as claimed in claim 8, wherein a
solution of a poly-o-hydroxyamide of the formula T
in .a solvent is pPrepared, the solution is applied

to a substrate which has, on its surface, metallic

structures between which trenches are arranged,
the solvent is evaporated so that the trenches are
filled with the poly-o-hydroxyamide of the formula
I, and the substrate is heated in order to cyciize
thé poly-o-hydroxyamide of the formula I to give
the polybenzoxazole as claimed in claim 4,



