;e3e4h6T ' 5 10 15 20 Q 35 Insulation material for alum num and copper
net ali zati ons The i nveﬂ I

’m,ﬁwﬂmmg to polyners stable at high
t enperatures, a proces reparati on, polybenzoxazol es, and a
process for their preparatiomw* an el ectronic conponent which contains the

pol ybenzoxazol es as a dielectric, and a process for the production of such
el ectronic conponents. In order to avoid an inductive disturbance of
signals which is ¢ aci tive cqupling, conductor tracks adjacent
to one another in aﬂmm@wﬁmmwmﬁhe i nsul ated fromone another by a dielectric
arranged between t tracks. Materials which are to be used as a
di el ectric must neet vd¥iBus requirenents. Thus, the signal transit tinme in
m crochi ps depends both on the material of the conductor track and on the
dielectric e#uiat heR ang &P tRatidelen t BEXconduEEBINERackeNdThe FORBETt he
dielectric copstanizQfibhe dielectric, the shorter, too, is the signal
transit time. The silica-based dielectrics used to date have a dielectric
constant ®f about 4. These materials are gradual |y bei ng repl aced by

organi c di el ephéi csnwBhehohaveedaselst ant | Jdlynewer skpStrae crighant.
The dielectric constant of these materials Ls gengrally below 3. |n the

m crochi ps cuSTORET$ A ©Pr esefit ?ﬁ%cﬁﬁﬁduc%8¥ t r BRRST pr PEFRBF$EERsi st of
al um num Al GobybdhfnShzoésh aner easphgcess edoat ivheidenstéyadvitite, nenory
chips, there js a changeover to copper conductor track,material .. ow ng
to its | ower éle ect relﬁ%aclgcﬁooensli%tanccéj?rg)r?nce%?rcpari g'glr%c\?\lnth gﬁﬁr%aﬁﬂ% Co%%%r
pernmts 102 sholykenzdgnadlesansi & tiiwdecinmd cherdewl @ rthresonfon the
conductor tr GhLSSo5E6E 1 Qhch ! B160PLEASE LBmbBARhESHNI ques customary to
date, in which the dielectric is filled into the trenches between the
conductor 5 tracks, in the copper damascene technique the dielectric is
first structuredordbe nesubtbéig bhenchBscEiwe f digtuebahed Wi hsBgngly thin
barrier which consists, for example, of titanium tit niun1nitréde,
tantal um tant@t ni®ri GBYSER i O¥n &%HﬁQﬁilWﬁli?ﬁﬁ?ﬁ&??ﬂtr?ﬁ% ST 1 con
car boni t13 de. tddekeaf a@fjacéhe teenchas amedtheat fid | eniawtddhimppesirand

then excess cgo IS hani cal | y_ground away.. The dielectric nust
theref o o be STapiat €8 Treimpte eobHe AP s | RieTsthng it Hide

suf ficient adiesiesn toheheosdbstoat srankss Mederiads vdiizdrare deo deded
during the neelani gal gr 'dl@l%%t&ri%ceﬁﬁst':%éé@r%&%ou%hgrésﬁtpgiﬁéﬁéﬁ(fé. nust

al so have sufficient stabylltﬁ In the subsequent process_ steps_in which
further conponits &1 hEiEPalochrHRShF e PrRluded. MESEFOFRLRSpLI§RRRAS t hey
must, 2Qd or wxEHPde, thavaasehfiiaQi & ther sehdstabi! ithacandn®isn Netie

under go decoggg;{tign.evq@nat t enper at ures of nor e than.ﬁOOC. reover, t he
diel ectrics Mt He 5t ab P pritest THFTCal RETEGR a5 ol SRHTICEOT
strippers, bassssksaci dBher aggeessihe gdsedeckEuariichercareghamntenent s ere 25
good sol ubi l'i4{y,and 2 sufficie f-1j ofs:th regl S i ch
the dielectr ic%:?se are %’r%’dggé%. g%lf); g%ﬁ_ox%é%l e.sl P%a%) %géﬁggl yérr%%{sglml ch
have very hi ghineatThesksianeebathd sissientcdsaresadir tad@afsedad® far the
production ofgjundactive 2R dAsul 8kl nghbayers. | rndse OpltBSials are

Pol ybenzoxazol es_ can be_prepared by cyclization of pqlg-o-hydroxyanldes.
The' pol y- ohy RGP BesPRAVE JRREAFUDPYI tSFIFRLT gFhte SSEFE/t Wt good
filmformati ¢ravy oper substahftdy1dgn hewappl dedldbtiacel eshspane. corponent s
'tpegtfr;gf' e ML PR e o3P pngeat i g beghniave, ALer & {per ml

below 3.
30
In the microchips customary at present, the conductox
tracks preferably consist of aluminum, AlCu or AlCuSi.
With increasing integration density of the memory
chips, there is a changeover to copper as conductor
35 track material, owing to its lower electrical

resistance in comparison with aluminum. Copper permits



3 in which the poly-o-hydroxyam de is cyclized to give the pol ybenzoxazol e,
a polynmer which has the desired properties is obtained. Pol ybenzoxazol es
can al so be processed directly in their cyclized form In this 5 case,
hrowever, there are as a rule difficulties with the solubility of the

pol ymer. Buil ding bl ocks for poly-o0-hydroxyam des are described, for
exanple, in DE 100 11 608. 10 In order Lo be able to house as large a
nunber of conponents as possible on the surface of a microchip, the
conponents nmust have as snall a space requirenment as possible on the chip

surface. In orgetrpeverihel ess Lasbe acq'nﬁest A S%?lc%ufatlfégaéﬁgeﬁr%' lity

of the 15 conponents, Increasing use is de of the e substrate,
i . e. the conp&RENtEPTHRREQY shapfkacassa $$@¢%%mp §m¢Qﬂﬂ$Eﬁﬁuet@héhﬁ

di mensi on per @%@%&@u@rs tQud L) P8UTdAGE, | DAT 6ASeS: tHe! B BERAYGHI On Of
the mcrochips, it t herefore |ncrea5|n%} necessary to 20 praqcess

trenches havi A§ afﬁﬂéﬁdasﬁEGP r &80, E¥RESTSEor Pek¥RSFe, thke &P@ﬁé&FPFc nust
al so be capablkeaekshei ngnfl | tied demérfordmﬁamzﬁ buHadres cfife Cr agks in

narrow and deep trenches., ect ratios of the trenches to be | | ed
Ty be p o FRFLCEREACH LT nELEFHt RESHEEHESSS (CHESULETRG, CFOTCORS! e,
only from 100ame t di26k nmodued5;wﬂthﬁu&ctvefythehhnvehak@mero phaehde

novel polyner% ggaggscanqectr%%ﬁé& '%9t59%§h§0t€f$%§1§ﬁ ﬁongoa%nts and

whi ch have a ver ood |hsu ation e t A
cyclization, anatekhmbltt@utalumenmlBrzdﬁl|t%ﬂlxﬁmﬂuﬂnaxbxﬁeandshﬂghon

t t d f t T bj
agﬂp:;gdﬂgssaﬁeﬁfga% qugibg%l'aﬁ 'éﬁfﬂgnEEQPBE 'e%mé¥§afg§g° ] € @%
MB- - ~ ~- M-A F&nrﬁnpaers @neh reh rﬁlllleé ovich ) copper+ a0dy- then | eXGERE | s i

OR ~ 3 Il *-Ncbpbe¥- ¢8-meblanically ground away. The dielectric must
therefore be stable to the materials used for grinding
and must have sufficient adhesion to the substrate in

15 order not to become detached during the mechanical
grinding process. Furthermore, the dielectrics must
also have sufficient stability in the subsequent
process steps in which further components of the
microchips are produced. For this purpose, they must,

20 for example, have sufficient thermal stability and must
not undergo decomposition even at temperatures of more
than 400°C. Moreover, the dielectrics must be stable to
process chemicals, such as solvents, strippers, bases,
acids or aggressive gases. Further requirements are

25 good solubility and a sufficient shelf-life of the
precursors from which the dielectrics are produced.

Polybenzoxazoles (PBOs) are polymers which have very
high heat resistance. The substances are already used
30 for the production of protective and insulating layers
in microchips. Polybenzoxazoles can be prepared by
cyclization of poly-o-hydroxyamides. The poly-o-
hydroxyamides have good solubility in organic solvents
and good film formation properties. They can be applied
35 to electronic components in a simple manner by means of

the spin-coating technique. After a thermal treatment



4R 15 MB, M4 and Mb, in each case independently, arei OR0 2 0 *. H~
~CY. _C ...
OnY--C--* or MBbi s nRi *"H ~3 HORz 22 1S C 6 * /
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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. In this
case, however, there are as a rule difficulties with
the solubility of the polymer. Building blocks for
poly-o-hydroxyamides are described, for example, in
DE 100 11 608.

In order to be able to house as large a number of
components as possible on the surface of a microchip,
the components must have as small a space regquirement
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 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 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.

It is an object of the invention to provide novel
polymers which can be readily applied to electronic
components and 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.

This object is achieved by a poly-o-hydroxyamide of the

formula I:

"\ Co *



w Z~ and z3, in each case |ndependently) have the sane neaning as stated

for Z2, and are furthernore 5 *\N /N ] * ~
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RE R Rsi \ **~R QQRs RS\\\\+~//NN *~Rs \ ~\li~RE/ / IN/ * 1 HI1
R 1 RIt 27 X1 and X2, in each case independently, are 0 0 *--f

-'0-C0-CR3 G~ ~---0--C-0-CRC-~bHR H H HZO009 ~~9 ~~ 3. *~R
C0--~~~RCO~RO03 ~~9 3 *~RGCO0-R0--~-RGCO0--~R *-=~-- R3
0-~-~R9 0-~-h R3 O O *--~-- RC~RGC~h RO *~R ~-C-~~R9...C-HR3 T
is 105R I *_ i Rp-~..rC

1 . .
z* and Zz3, in each case independently, have the
same meaning as stated for Z?, and are furthermore
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X' and X?, in each case independently, are




RS O0O*NH*"'" HZiI ~/ Ol I " *CO-"~"Hi zis -H an alkyl group
having 1 to 10 carbon atons, an aryl group or a heteroaryl group; 0 C O *-N

O00 F~-H---~-N1 *~-Qz OR3 and R4, in each case independently, are
a‘substituted 15 or unsubstituted al kyl ene, arylene or cycl oal kyl ene group;
13R5i s *-H*--~C~--~-CH3 *-~-C~~CF3 * ~25 10 R6is -H -CF3 ,

-OH, -SH -COOH, -N( R2) 2, an alkyl 19 aryl or heteroaryl group, and
*-C.=CH *w~=CHz *--CC\ /| *-QGCCRR HZHHYy /CH3 0\ ~CC~CQ CC
*QcH2 *-QcH2 *-Qc=cH2 * Hc-c~ o

T
8] 2
*C—y I k=04 a——sy i
Az wC * N %

A, if a = 0 and/or £ = 1, is
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if a = 1 and/or f = 0, A is
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CH3 CH3 ~H3 ~H3 * -~ \ r \ | ~CH-CH3 \ \ -- * > ' [ * * \ * *\ NIlts
J*RB\ ~NFACF*i \ ~ \ /i CF~CF3 ~Fa ~Fa*~\ / \ r ¢c-* CE 3 CF3
10 R8 is an al kyl group having 1 to 10 carbon atonms, an aryl group or a

het eroaryl group; ais Oor 1; bis 1 - 200; cis 0 - 200; dis 0 - 50;

15 ai sO- 50;fisOor 1;gisO- 100; hisO- 100;5 iisO- 10; ki sO- 10; 1is1- 10; m s1-
10; 10 g and h not sinultaneously beingi® and, if R - -CHzZ-, 1 =0 - 10.
The pol y-o-hydroxyani des of the formula | 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 trencheg have no defects at all, such

i nedaf yer the cyclization

*

as bubbl es or cracks. TheroI D oxazol es

have dielectric constants 8 ‘@ t hai are tfekef ore=yery 20
suitable as an el ectri catQi nsutatfor. The adhesi on-o the nzoxazol e
prepared fromthe pol y-ohydroxyani de*oR the fornula | t& s ces rel evant

for chip technol ogy, such as silicon, silicon carbide, silicon

carbonitride, silicon nitride, silica, 25 tjtaniym tantal,um titanium

nitride, tantalumnitrige or silicon oxynitr&de/Ris very gpod. Furthernore,
to'c

t he pol ybenzoxazol es havg_gggﬂ [ st ance em cal s as /Used t he
production of m crochipg;, SUTh a ol vent’s, Nst yli ppers, *bdkes; \aclids or
aggressive gases. The™@ )F—\ ;
0 R o)
0 L]
o >_T/R . o)
\}
- \\
/C ( C )k N } c ¢ N
—Q HZ / H k
* \Rs *—Q 2
0 !
Q is
* 0% Sy a—N—s
5 H
R is
e )
I [ I
*»—C—0 \ [ T \..Ha *—C—0 C 1
H, H,
10
R? is -H, an alkyl group having 1 to 10 carbon atoms,
an aryl group or a heterocaryl group;
R® and R!, in each case independently, are a substituted
15 or unsubstituted alkylene, arylene or

cycloalkylene group;



30 polymer materials are therefore very suitable for mcroel ectronic
applications. In addition, the materials are al so outstandingly suitable
for the copper danascene technique. During the copper grinding process, nho
di sadvant ageous effects occur, such as 35 del am nation, cracking or bubble
formati on. The pol y-ohydroxyam des of the formula I, according to the 16
invention, are very readily soluble in q?ny organi ¢ solvents. For exanple,
acet one, cycl ohexanone, diethylene glycol nono- and diethyl ether,

N- net hyl pyrrol i done, 'y-butyrol actone, ethyl lactate, nethoxy 5 propyl
acetate, tetrahydrofuran, ethyl acetate and m xtures of said solvents may
be used as solvents. The solutions can be very readily applied to surfaces
of electronic conponents, for exanple by a spin coating, spraying or

di ppi ng net hod, and have a very goqd film 10 qual,ity. Even trenches having
a width of less than 100 mm#and ﬁﬂga%ge&t-@aii Cr; m;be filled

wi thout difficulties. The poly-o-hydriexyam des of the fornula I, according
to the invention, 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 eniches is observed e structural units
M, M2, M3, M4, M and M F'my andom y diEtFi n the pol ymer.
However, it is 20 al so possibl €, by block copol?%ne ation, to produce
segnents in the polyner which are formed only froma part of the repeating
units ML tv M5. According to one enbodi nent, the polyner nmay conprise only
the units 3, r% beifig-possideg foouf hegends-@bokhe -RARYNEr ghaidnm 25 be
term nated by the groups nd Mb or the term pal groups A The properties
of the pol ymer canqﬁgy arf ?IQREY{NQE?EPpr ding the repeating units M
to Mo in the polyner. The chain length determned by the indices a, b, c,
d, a and f can be controlled by neans of the 30 oi chionetric ratios of
the starting nateqd=a¢s and thetgaction, condi i n tggqo_r_ D Sii on of

t he pol y-ohydroxyam de of theHorrfula I. n suth # pol yfrer zthB' za

di stribution 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
val ue ranges stated above for the indices a to f. A 17 narrow nol ecul ar

wei ght distribution the polyners is strived for. For the index b, the
reaction is control | gthjn suchia way that v&ues®¥n the rdhgefrom1 to
200, preferably fr o] 100,,$?ﬁhnt. For tﬁ%‘%\index c, t¥reCreaction is

controlled in syeh a way that—al u€8; i n t#edr anget,f rom @— 200=cmp ef erabl y
fromO to 50, result. For the index d, the reaction is carriedfout in such
a way that values between 0 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 fhomO t% 2@, result. The nol ecul ar wei ghts
and averaged chai ™ | € S gan b t er m/ Y168\ by, t onely met ho for
exampl e gel perneatTo Ar 0 aphy *(&PC) gT@ St r &ETeF e
termnal groups'2is In Iuegg%d by the term nal oupss™M or Mo-—For a - O
or f - 1, the termnal growp~A is bonded to an NH group. If a =1 or f =0,
A is bonded to a CO group. The term nal groups A 20 can be introduced into
t he pol yner via correspondi ng activated precursors, e.g. acid chlorides or
hal i des or hydroxi des or amnes. In individual segnents, the

pol yo- hydroxyami de of the formula | cafbe fried wi®hin wide linmts. Thus,
al kyl groups having 1 to “bon 25 at can be used R2, it being

possi bl e for these akkyd—g ps to be-air i ght-chaiy or ched, or even
to be present as a ring, f®&~exanple as yclohexyll g cycl opentyl
ring. If R2 is present as an aryl grou & preferably conmprises 6 to 12

carbon atons, 30 it being possible for 7 ndividual hyﬁrogen atons of the
parent structures also to be replaced by al kyl groups, in particul ar nethyl
groups. Heteroaryl groups which may be used for R2 are groups having 4 to
10 carbon atons, preferably 1 or%;_ibkﬁogen atonms bei ng present

0] Q
?C_G_g—)TN | he c—h
x—Q 2 )——\ . v =Q 2

0 R 0

10



35 in the ring as hetero atons. However, other hetero atons may al so be
used, such as, for exanple, oxygen or 18 sulfur. The heteroaryl radical
preferably conprises at | east one 5- or 6-nenbered ring. For the radicals
R3 and/or R4, substituted or 5 unsubstituted al kyl ene, aryl ene or
cycl oal kyl ene groups may be used. The al kyl ene groups preferably conprise 1
to 10 carbon atons and nay be |inear or anched. Particularly preferably,
R3 is a nmethylene or ethylene group. The aryl ene groups preferably conprise
6 to 10 10 carbon atons, here too it being possible for individual hydrogen
atons of the aromatic parent structure to be substituted by al kyl groups
having 1 to 10 carbon atonms, a nethyl group preferably being used here.
Groups having B t& 1® cartéir atam ~ar e Spref-&Cabl y-0Bed, 155:as anicl oal kyl ene
groups, these groups preferably conprising 5- and/or 6-nenbered rings. In
the radicals R3 and/,or R4, in general individual hydrogen atons of the
carbon skel eton caane substltuted by groups haV|ng few hetero affons, for
exanpl e ha|ldeS,*hﬂﬁt?X%] gr oyps-=20-9r anlno ) For the graups Re,
al kyl groups having 1lfo 10 carbon atoms can Be usedy ﬁ% bei ng
possi bl e for these grgups to be linear or branched Aryl groupsRWhlch may
be used are groups having preferably 6 to 12 carbon atons, it being
possi bl e for 25 indivhﬁyal hydrogeen atons of _i he aromati g carpon skel eton
to be substituted by al ﬁyl groupk having 1 tS 10 carbonf%tonﬁ. Het er oar yl
groups which may be uéﬁa*are groﬁbs whi ¢ 9rageot+ o 12-cHrdosiat ons and
contain, for exanple, CF,or 2 nitr®ogen atons g5 hetero atirs ﬁn 30 the
aromat i ¢ system As al ready nentioned, the pol ybenzoxazol es obtained from
t he pol y-o-hydroxyam des of the formila I by cyclization have advant ageous
properties with respect 8 to the heat resistance, the mechanical strength
and the electrlcaJR|n.n. snn effe 19 The _inveqntion therefore also
e

relates to pol yQ esRMhl : obta|nen ol y- ohydr @ *des of
the fornula I. |sn1tak|~o 5J plrace* Tl JcA | z&TPon

pol y- o- hydr oxyam of the fornula | to polyb- zoXazol es i s show
schematically below H N-C* T\ ~ --- ~ I ~C/ OHO H0 * ~ 0 10
On heating, the o-hydroxyam de undergoes cyclization to give the oxazol e,

wat er being liberated. Surprisingly, no bubbles or cracks are fornmed in the

pol ybenzoxazol e durin- hg/ﬂyclization .-% he pgoly- o- hydroxyanldea*of 15
the formula I, has extrg ighr rg ance ap By | ow

def ect denS|ty TR Nol ¥~ 0- hylir 8xy & 2s of f* nuIH“R > prepared
by reacting bis-o-am nophenols with™20 dicarbox N c acid or activated

derivatives. The invention therefore also relates to a process for t he
preparation of poly-o-hydroxyam des of the fornula I, wherein at |east one
nononmer of the foEgnﬂ a ll

aaUs O‘t‘ *‘C@— @*

8 . )
R 1s an alkyl group having 1 to 10 carbon atoms, an

aryl group or a heteroaryl group;
10

is 0 or 1;
is 1 - 200;
is 0 - 200;
is 0 - 50;

2 0 oo



ORL HEN- i -NH2 OR' 25 Formula Il in which Zis Z1, ZZ or Z3, and Z1, Z2,
Z3 and Rl have the 30 abovenenti oned neani ng, 20 is reacted with at | east
one di carboxylic acid or one activated dicarboxylic acid derivative of the
formula Il 0 0Y ZL S5 Formula Ill in which L is a hydroxyl group-or an
activating group 10 and Y is Y1, y2, y3, Y4 or y5, and Y1, y2, Y3, y4 or Ys
have t he abovenenti oned neani ng. For ex | e, acid chlorides or activated
esters, for exanple sulfonic esters, may be used as activating 15 group L
for the dicarboxylic acid derivatives of the fornmula Ill. The reaction of
the mononmers @f the fernulga.ll and of the dicarboxylic acid of the formula
1l can, however, al'so be cdrried out in the presence of a conpound which
activat es t hefdi caioRylkirc 1laci d, 20 such as, for exanpl e,

di carbonyl di i gi dazglse por. dipgy.cl ohexyl di carbodiimde. In principle, all
reagents which bind the water fornmed in the reaction to thenselves are
suitabl e. For Bthe pfefaratiOfi of the poly-o-hydroxyan des of the fornula I,
the nonomers @f 25ighe fonmuyla Il and the di carboxylic acids) or optionally
t he dicarboxylic acid derivatives of the formula IIl are reacted in an
organi ¢ sol ve at 1fr8m™-28¢ to 150C in the course of from5 to 20 hours.

I f required, fthe tégnilnal 1gr;oups of the polyner can be 30 bl ocked with a
suitabl e reagent in o&der hus to introduce the term nal groups A Suitable
reagents havemalreéﬁy bée& described in the explanation of the conpounds of
the formula I. In particular, y-butyrolactone, tetrahydrofuran,

N- et hyl pyrroli di.¢ 1,d I [ | e.as s0l_vents for the
pol yner génthés?@gpﬁ%ﬁéégr%gﬁﬁmégﬁﬁgFgﬁg zﬁﬁjg%ﬁﬁeéﬁglnl%hfgh_thgﬁétarting
conponents aré Fefdrl y0sol ubl e may be used. The pol y-o-hydroxyamni de of the
formula | which 5 is fornmed after the reactioh is precipitated by dropw se
addition of the reaction_ solution to a precjpitating agent, washed and
dried. Sui tabF‘Beplpé’éiYmoc'éﬁdﬁé”%’@é?ﬁdfsar‘gfvv'é]fl@r EQRFUAEC oh R SCOEHHRT akO

i sopropanol, hhueanbhverittdhantdn Mext ey ofecddiede 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 Dbubbles or cracks. The ©polybenzoxazoles
obtained after the cyclization have dielectric
constants of less than 2.7 and are therefore wvery

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, Dbases, acids or aggressive gases. The

30 polymer materials are therefore very suiltable 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



10 precipitating agents nmay al so be used. The precipitating agent may
suitably also contain fromO0.1~ to 10~ of ammonia. After filtration and
drying, the precipitated polyner can be directly further processed and, for
exanpl e, dissolved in a suitable solvent for 15 application to a

sem conductor substrate. Suitable solvents are, for exanple, acetone,

cycl ohexanone, diethyl ene glycol nono- ﬁ% di et hyl ether,

Nrret hyl pyrrol i done, 'y-butyrol actone, ethyl |actate, nethoxypropyl acetate,
tetrahydrofuran or ethyl 20 acetate. The polynerization to give the

pol y- o- hydr ox t o] [ I € ce of
a base in ord%ﬁg%gg §éb g%#% BQ%J akegﬁgég €¥Ungsﬁ%£2@gn d° é%é% ors
are, for exanpbéyvepysidi ndonri e@h?ﬂmhﬁne @lm%ycl o@ﬁ@éﬁbemnone,

pol yvi nyl pyri % he iC | i Aca8pPt 0 y ysed
Conmpounds mhlgaggP%t§é§d§$§W§% gFgﬁfn ? g S% | vent u%ggggbra$ﬁ@e§§%the5|s
for exanpl e hPﬁéFﬁ%%@?ﬁ?ol|Ykhﬂ¥YEﬂiﬁQﬂPqutlﬁ§hﬁﬂecﬂ§FF3F?ng BYeRexyf or

exanpl e wat er 96pwzlt eééékaeaol r@é&&%&@%rﬁuﬂabpse HHED e €D ehRrlY
i nsoluble in ?he sol vent, sych as, for exanp crossli nked

ponV|nyIpyr|%Fﬁ%urﬁﬁeoéséﬂﬁiﬂ§9¥ﬂﬁ%ﬁ$ym%¥eP8r§ﬁF§ S ATP SR ceptBrs can

then readily belﬁ’é:.sﬁsarc@tredbér@mrtmeréeaullw rppialeyt otby dumdeadsgdeof n the
wor ki ng- up of?%he reactiaon_produ 2 The '2%9 tion furthernoée rel at es
0

to a process For-the™pFefarm %5? t%%rpgﬁﬁﬁg 2z of e SEIEs cF P HetGbove,
wher ein pol y- sphyylxngy@m diasppmfng heethodul and dravéd heaeey. Aodehiimg, an
oxazol e %b ng {;ﬁ%i éﬁ‘ eéféﬂégaae‘é 0?1a9f1 sgal; Me%‘ﬂ €i1e Qg Eﬁ‘é%y

wat er, e polFyben xaz es accor i Avent T on bei ng obt arne

The poI ybenzok@@ome pn@paneéswdch@arm@c@s‘s >ac4co¢étﬁl ri@etf)llh%dmybh@ubn has

a very |ow di éiEEEEﬁEtEQQSt afile %ofy-% hydrbx9ahgres VeEY tiel | sbentiig

surfaces relevant for chip technglogy, such as silicon, silicon carblde
silicon carboﬁrtr?%ﬁpr§}W$kxﬁPruqqﬁ(k%nWﬂQQ%ﬁﬁ 1530 BRI uRYCLaRedl Ry
titani umnitrhdgcih@ntal wEnpidratde <y of | fﬁ@zﬁ eRYNitor is@mecThern ngphtéon
therefore_al so_rel ates to electronl onponent _whi_ ch_co n

pol ybenz§§a20?5 % ?cr?sjblé?f‘rfg”a%vgf eﬁdl y%%n?S%glfgllgncao:g b‘g g??gﬁged
for exanple, asch dseteatksc bntmhenfm@hddctoenChaekssopbsenﬁgdtor track

pl anes or as a buffer |ayer between m crochip and a housing surrounding it.

25 The dielectrics according to the invention are outstandingly suitable
for the coppeFheamssvstaredewue. Mo éﬁsad@anﬁgged%s anfedk s maduclpe as

del ami nati on, r£h@6ki P9 Gfstiihiled oA LAB, BSTHRe AUN iHdIRE 9T hRdI g
process. 30 The inventign furthernpre relates to a process for th

product i 9% of k0 elRASFRNi% cB¥pIALRER \IRRBIASTHiZFH R atOol REPIRCDF t he
pol y- o- hydroxyagmdﬁt@f ihhechor pullgmer wini Sol et ﬂcﬁrzmdepaﬂw foen sal uti on

I d d h fil
is 35 applie to lrjnl"tsr?%egpa ear%%euzslgtge% 't% eeapqral _er(‘;_lll % t‘%ator?e ilm

i s obt ai ned. d’imn ordér ‘to cycllz
pol y- o- hydr oxeyxahm@memttheheopnﬁwer oy teomgprhae tonly | e uhdts M,

pol ybenzoxazqﬁ ﬁé”ﬂﬁ e 1%1%“?&13%&’&%&5&9 bR %@erp&lgm@&t alyh £ 1 €51 St

structure whic renc es and/or contact holes. A5 conductive naterial,
for exanpPe COPpEEITLZAtREn MikpbBEet GFCYPS HE rRG s sPFUdHR et RFNiPat t he

trenches and/@roggat act THe esrapertibsedwidie thelpragduehnyedreieriad.
Finally. excess copductiys TRLeLidhg SHES TSk e % units M to ¥ in
the polymer. The chain length determined by the indices

a, b, ¢, d, e and £ can be controlled by means of the

30 stoichiometric ratios of the starting materials and the
reaction conditions in the preparation of the poly-o-
hydroxyamide of the formula I. 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



For exanple, |ithographic nethods can be used for structuring the

pol ybenzoxazole film an etch-resistant nmaterial being produced on the
film The structure of the mask is then transferred to the filmof the 15
pol ybenzoxazol e according to the invention by etching. The preferably used
conductive material is copper. A barrier can be provided between dielectric
and conductive material. For exanple, t mat eri al s al ready nentioned
further above are suitable material for the 20 barrier. Excess conductive
material is renoved, for exanple, by chem cal nechanical planarization. The

i nvention fur EQQQW% %'c?lt]_%§ é%rpcr %@@r:ﬁcﬂ;t{ ?f OE'H% % Xﬂgrgnls

el ectroni ¢ conponent V\/ner sol ut1on am de of the
formula | in &tséiednt ﬁosrfl rE@rpré—b&redlanh?é sbl:ut |t@n°— i eralféhl@Ip)pl ied to a

substrate whi %Bnﬁgbﬂ% has. swﬂﬂq 'éswéyrfcﬁs% dé‘%@é 4Gy Sﬁﬂé’%é&ﬁ&é pebyeen

whi ch trenches and/or contact holes are arranged. Such structures are, for
30 exanpl e, céndikt 8P0r RuetermRlsofvemt 3 stévallf at 88588 tt hdtox hehe

trenches gnd/ 9hge@ntact: 0! BSad fod | LEedowti-B1tibg R ysmhyair@ ?‘aﬁhgé of
the formula I. Fi naIIy the substrate is heated in order, to cyclize the

pol y- ohydr oxy ¥Rl HESof Tt ﬁéler FaRde fram § el pob Yhepzekar by §5°m 94t8 10 15
20 25 30 The gdhesteuld. t Rerpajhe oihygexkoxyantiges retcthenf olrsmbarh@a of

t he pol ybenzoxazol es obtaj ned fromt urfac rel evan in

nmi croel ect ronPES, 3fich® ‘égﬁ for "é@éérrpqr}éarg sf’ialsjébens 21 GWELT si I i 888 nPPri de,
tant al um ni trpde,feglabiy dretyegert 20 ead BH) i npesudd. byiaddilyy attwestba

pr onot er Th ent i i l.ai.n [ il o e.b

exanpl esignd \%lnth%%r %f’e%glr?cgret%)gl% dos g‘[%t a&#%% gﬁ%gsin Fguéll? ﬂég/stﬂgt
schemati c vi ewadteshdnamst0 s‘é@uﬁof orlpxRfteraR kv nfrome Odlt@l e ri EeBvASE ant ;
Fig. 2 shows Q’héh%‘?)@c‘l‘i&%‘f F2ideRS 'dﬁa‘i%a@e@8c1§£’1:§31é1%t1§§ec9ﬁ09l40t' on

of el ectrodes;_ Fig. shows a scanning el ectron m crograph of a polished
fracture throé&ﬁeé'ﬁlﬁﬁéfi cHVIuE ST LAk s WRIFEREr e étorrang%%?mﬁ’ll%l gel

pol ybenzoxazoberﬁ@g@ﬁ_dnnghtramtalaagh_»apﬁpt| grpcand were produced in a damascene
process; _Eig. 4 shows a scanning electron m crograph of a fracture through

a dual dg[ scene structure produced fromthe pol ybenzoxazol e according to
the inventi onThEi gtrﬁcﬂ;lucms of $dtenniengnieladctgooups ck ogs ajphf bieaced! bghed

fracture throyg een%rq %% o tgACKS, FBe gpaces petween 4 he A

structures haV| ng h™t he <§)O| ybenzoxazol e accordi ng’ to the
i nvention. Exagphmésal3sron@nifcdlss keyeded to an NH group. If a = 1 or

£f = 0, A is 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, preferably 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 oxr



25 Bi sam nophenol s: 3, 3' - Di am no- 4, 4' -di hydr oxyt et r aphenyl net hane

(bi sam nophenol 1) 26 HZN HO ~ ~ ~ of f NH2 5

4,4" -Di - (4-am no- 3- hydr oxyphenoxy) t et raphenyl nmet hane (bi sam nophenol 2) /
OHHZN ~~0~~CO0O NHz Ho 10 9, 10-Bi s( 3-am no- 4- hydr oxyphenyl ) ant hr acene
(bi sam nophenol 3) H 4,4'-D am no- 3, 3' -di hydr oxybi phenyl - (bi sam nophenol
4) 15 27 HO\ | OH 5 18

sulfur. The heterocaryl radical preferably comprises at

least one 5- or 6-membered ring.

For the radicals R® and/or RY, substituted or

5 unsubstituted alkylene, arylene or cycloalkylene groups
may be used. The alkylene groups preferably comprise 1

to 10 carbon atoms and may be linear or branched.
Particularly preferably, R® is a methylene or ethylene
group. The arylene groups preferably comprise 6 to 10

10 carbon atoms, here 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%Y, 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 R?, 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 heteroc atoms in

30 the aromatic system.

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

electrical insulation effect.



4,4' - Di acet oxy- 3, 3' -di am not et r aphenyl met hane (bi sam nophenol 5) H2N ~ _

Il 1 €0 ~~00..--CGCH3 | 0 10 D carboxylic acid chloride:

0

Napht hal ene- 2, 6-di carboxylic acid chloride (dicarboxylic acid chloride 1) O
rrda~-C\\ / [/ ,ClL 0 15 Bi phenyl-4,4'-dicarboxylic acid chloride
(dicarboxylic acid chloride 2) GL ~CCZ O 28 5 10 15

4,4 -Di (chl orocar bonyl ) di phenyl ether -1¢dicarboxylic acid chloride 3)
C C1 C1 Terephthal oyl dichloride - (dicarboxylic acid chloride 4) O /

cC~~Cd
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15

20

25

30

The invention therefore also relates to
polybenzoxazoles which are obtained from poly-o-
hydroxyamides of the formula I. The mechanism taking
place in the cyclization of poly-o-hydroxyamides of the
formula I to polybenzoxazoles 1is shown schematically

below:

H

Sm———teii. \C-—-*
/
OH RO o

On heating, the o-hydroxyamide undergoes cyclization to

o=n

*

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
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
dicarboxylic acid or its activated derivatives. The
invention therefore also relates to a process for the
preparation of poly-o-hydroxyamides of the formula I,

wherein at least one monomer of the formula IT

oRr*

Formula II

in which Z is 2!, 2% or 2°, and 2%, 2?% 2’ and R! have the

abovementioned meaning,

O _
0 C



5- Phenyl et hynyl i sopht hal oyl chloride - (dicarboxylic acid chloride 5)

~0

5

-G/ c -- ¢c d-Q 0 5-Alyloxyisophthal oyl dichloride - (dicarboxylic
acid chloride 6) 29 ~cHHzIl 0d~~/ ,CL Il 1 4 0 Bisanm no conpounds:
Polypropylene glycol) bi s- (2-am nop~opyl ether) (bisam no conpound 1)
HNCH~-"OH ~ -~-NHZ CH3 z 2 CHs 10 M= 4 000 g/ nmol Bi shydroxy
conpounds: UHCarb 200 (UBE I ndustries TD.) - (bishydroxy 15 conpound 1)

OHO M= 2 000 g/nmol 20 Pon[di(etherH% gl ycol) phthal ate] diol -
(bi shydroxy conpound 2) 30

10

15

20

25

30

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

-

Formula III

in which L is a hydroxyl group-or an activating group
and Y is v, Y%, ¥?), v* or ¥, and Y}, Y%, ¥, Y or Y°

have the abovementioned meaning.

For example, acid chlorides or activated esters, for
example sulfonic esters, may be used as activating
group L for the dicarboxylic acid derivatives of the
formula IITI. The reaction of the monomers of the
formula II and of the dicarboxylic acid of the formula
IIT can, however, also be carried out in the presence
of a compound which activates the dicarboxylic acid,
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
the formula II and the dicarboxylic acid(s) or
optionally the dicarboxylic acid derivatives of the
formula IIT 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 be
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
compounds of the formula I. In particular,
Y-butyvrolactone, tetrahydrofuran, N-methylpyrrolidone



HO0 ~~'"~HO0--~-C ~CGO~-CCOHaz, zp0H M= 814 g/nmol 5 Endcap:
Met hacryl oyl chloride - (endcap 1) HQ r4 JCv HOC d 10

5- Nor bor nene- 2-carboxylic acid chloride - (endcap 2) O\~ GO 15

5- Nor bor nene- 2, 3-di carboxylic anhydride - (endcap 3) 0 0 0 Exanpl e 1:
Synthesis of polynmer 1 20 38.21 g (0.1 nol) of bisam nophenol 1 are
dissolved in 300 mM of distilled N-nethgipyrrolidone (NMP). A solution of
23.93 g (0.095 nol) of dicarboxylic aci 31 chloride 1 in 200 mM of
distilled NWP is added dropwi se to this solution at 10C while stirring.

Stirring is eta&ﬁa@tﬁg/lagretamlwet hg&ehogm@abl%c anrd %B@.R}eh‘%rs 1fReour +8k 20C.
After cooling again to 10C, 1 5 of , endcap 3, dissolved in

50 M of distPP ¥@e§b§EFF§P§éﬁonégvvﬁﬁi5 -%?éP%H%%HPH$O%QYséogﬁeFﬁeln

reaction mixt whecanetrﬁélétaﬂglh§ iRt oI a2e howadatl y1 06 nish & hpayf or 1

hour at 20C. The react re.is, cooled o 10C,. af ch 1
(055 0ty ot PRy HRG e TR BR bt s e s de ot dtad! Formie ot 783 ERa g ded

and t he reactiisn ﬁdﬁmddalafw@wnedhap &@ab@dmmtemperapnéelpﬂﬂasédrrbg for 2
hours. In order _to.isolat the r,.the rea tlon e s filtered
hnd the £t r Brebi a0  ARie 0 T tnp e reRetipt Paliea o b8 | 5o
wat er and 200pnbcop1ts©pngpan@gemhLIe'wa$hedmmLanﬂf|dehed.3 1Sufitable
dem neral i zed yaLep; pgin dé’%eéjn@é” 23 t‘g c JEORSe :’E‘%Qh& Ubﬁq
precipitated B¥P né% 'S g?lt ed of f % suction an ma%%ed Wth 251 of
cold den1neraP59E§°maﬂ@ﬂ/ Abusanphe Ptlt?ﬁhﬁ@ﬁlmntﬂlgﬁéreén ofhethesgner is
stirred fyi cepfreelﬂuhaerinat r Qadpergdyre hisd. 5 beof %é’eastreﬁﬂéh
ammoni a solution each time and then filtered off_with suction. The Eolyner
i s washed precipitating agent may suitably also contain from %
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 semiconductor substrate. Suitable
solvents are, for example, acetone, cyclohexanone,
diethylene glycol mono- or diethyl ether, N-
methylpyrrolidone, y-butyrolactone, ethyl 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 example, 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-methylpyrreolidone, 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 wused 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.



25 neutral with dem neralized water, filtered off, and dried for 72 hours
at 50C/ 10 nbar. The polyner prepared in this manner is readily soluble in
sol vents such as NWP, y-BL, cycl ohexanone, 30 cycl opentanone or m xtures

t hereof. Exanple 2: Synthesis of polyner 2 36.3 g (0.095 nol) of

bi sam nophenol 1 are dissolved in 35 300 mM of distilled NWP. A solution of
27.8 g (0.1 nol) of dicarboxylic acid cfjoride 2 in 250 m of distilled

32 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 nophenol corrpound 1 5

M xtur e and STRP ARYSRS 67 CArERSTOLE PSR 156 BndiTInend oroh Hatr ot
m xture and s r S1 n r at
20C. The reacprepanakione oﬁ_ (s 0)¢:| e@oﬂgbb&@pmfztoéresvxhdebc%bé& galé@véS nol )
of triethyl amne, (TEM o010 diasaluedahna@g mo-of distijled,y; Bl ale added
S war ne p irt for 2

and the reaction mxtu or omterrperature and S
hours. | n5ordeeatedi sdrat &eehtdngol yaBr, oxhzoleactimun risxt ﬁoemeé i\sitﬂhl tered

and the filtr i d . gr O ) an Xt e

cycl ohexane a%%ﬁaiﬁa@?gﬁem%nga? ﬁgég wat er&{g}neél(l eg??lé??}% ané-' S%I rred
for 12 h at rpohvbenpexaretes TRecpsdimer P chtbepadaventden atbﬂm phase
boundary is fihtgredgoff 20 with suction and washed with 2 1 of cold

dem neralized water. After the filtration with suction, the polyner is
stirred twice for 1 hour at 50Cinto 2.5 1 of dem neralized water each tine
and thenidi | ternedpofliybanizidxazeiliconprdper oal wertlhé w@ah@@sv\ﬁatébordmg

dem neral i zed_25 ter fil.ter doff anddledc1 %hours at_ 5QC/ 10 nbar.
The pol ymer prep&red Py ePhitS ndififer® i T EadPly &(?Il&lﬁ:l Cn SBISFES Qch as

NWP, y- BL, cyﬁlbh%xaﬁ@nadim)rwckrepwntmlbhetodlmmybaméagbﬁccﬁeMt hyl

et her et hyI t I X i | ymer 3
35 28.31 g (0. %g 8}1?? of tggm ophen arqullcggél ve S%azcr]é CPE?
distilled NVPBii&ohuti §ﬁr§pn8t82d@ 3353(@%1 ol Plﬁtldﬁaar bosddieR aci d

chloride; 3 angd; 2apdud, (Qaﬁ%ﬁuﬂpl e itarfihaRrROXyL € af&laﬁtfa%ﬁ“rﬁecfhd@ 150
m of distilled ' -BL is added dropwise to this solution at 10C whi |

stirring. Stl??l?l’gl}%o%f?’@@?%ﬂr*%? a further 5 hour at 10C and then for 1
hour at 20C. After cooling again to 10C, 0.52 g (0.005 nol) of endcap 1,

i ssolved 20,0k SR Lt \petodid srapse Lo che sl on
20C. The 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, c¢racking or Dbubble 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 1is

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



10 reaction mxture is cooled to 10C, after which 9.48 g (0.12 nol) of
pyridine, dissolved in 30 mM of distilled y-BL, are added and the reaction
m xture is warmed up to roomtenperature and stirred for 2 hours. 15 The

i sol ati on and worki ng-up of polyner 3 were effected anal ogously to exanple
1. Exanple 4: Synthesis of polyner 4 20 53.79 g (0.095 nol) of

bi sam nophenol 2 are dissolved in 400 m3 of distilled NVP. A solution of
15.1 g (0.05 nol) of dicarboxylic acid chloride 5 and 12.9 g (0.05 nol) of
di carboxylic acid chloride 6 in 200 mMl of distilled y-BL is added dropw se

to this sol utd tr 25 [ S _Rg S &ff
further hour dajﬁﬁbllgct%ndﬁ;gﬁ% the bbg‘é}lrg hyé&lo&&'aﬂﬁd'e cgolﬂr?f&e%grgﬁrl%o 10C,

40 g (0.02 not)ardl BPsKPBVEL chrnpwrara EhedP%b’P@@aOP{ﬁZ?éé het Hdilst il ed

y-BL, are addgd dieemi sgriQciieeleagtd onnydedt Ur eoandbshihl i B iresiGc
effected for 1 hour at 10C gho%then for 1 hour@?t 20C. The reaction m xture

i s cool ed to SEECH R W S 1 FrENEess ABfY Obr SABAAGH sR8fG8d i 50 n
of d|stuaexiqcﬂﬂucﬁmweadﬂ&deamdltheﬂu%uﬂexnmpﬁatucepperwarﬂed whdm room
tenperature and stirred fo 2 hour.s 4 The_is a morkrng up
of polymer 4 esjetf? c?led ﬁalrt?ﬁ&lfsﬁ fﬁirucz&%rﬁl ?°2 ghﬁ& %‘Eﬁ q_'f *hesi s
of polymer 5 &ndBndl cgntecdS holl)asofamsa?rm]ri@ﬂfewmlthl che thmshiq}:e.dza n 250
m of distilleg A sal.uti ( of yli.c, acid
chloride 2 in 8O alo'f d?gprgllﬁgd %t_é%’sgad%g% rol)Ve Iqée ?gfsollﬁstr on at
10 10C whi | e anavedchg. Stirring |s effected for a further hour at 10C and
then forygl hour at 20C. Cooling is effected to 10C and 5.55 g (0.0275 nol)
of dicarboxylic acid chloride 4, dissolved in 80 nl of distilled y-BL is
added dr opwi T SIHFHGE i s SFFRFERPHE f e dF t R h&g asebciadd t hen
for 1 hour atst&Qﬁ;tLﬂfitrﬁ_:f ﬂ@@lpagyegﬁtaxaeolecfﬂm78a@ @ g8ilska@ft endcap
2, dissolved | %é? f. drstrlgF éﬁ hﬁ qg dr mfsg to . the r ctron
m xture and ﬁﬁ SPY e AL EFUS ]P%o t RERUFEPE R

20 20C. The rdect imaskm xitsur echen cdnfaedsﬂerﬁ@i: tzacfteiha/\hiﬁ:rﬂniloas g,I(eO. 15
nol ) of ESTe1 BY, i i I d the
reacti on m x$ breg’l war ne g’fégrghrirgt g (i,érﬂaét u?lgv%%%str r?e%q:?: ‘hour s.
25 The i sol atThsn Rnefmabfthrg tupe@f ceeldwerlve wepeeridbctied Q%P@Qou@l y to
exanpl e 1. E&?dgllferG S4At hegks (Hrd”lﬂd’é@r @e%@reézl 25d:9e1(9c91.9§c Mgk Of

bi sam nophenol are dissolved in of _distilled NWP. sol ution of
15.12 g (O. oafcrﬁsftactdrvqmr@,aaf%@h CF%. exeﬁpé?v déhe matesdades SLrgsdi | | ed
NVP i s added nHrapwrsel t futBherSelddhiconaoé 30it@G1whinecstidl i Agr Shier ri ng

i's effeczted tor a furth_: hour at 10% and th n forL 1, hour_ at C?C Coolrng
is arrlier XCcess conductive ma eria 1ls remove

example, by chemical mechanical planarization.

The invention furthermore relates to a process for the
production of an electronic component, wherein a

25 solution of a poly-o-hydroxyamide of the formula I in a
solvent is first prepared. The solution is then applied
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 evaporated so
that the trenches and/or contact holes are filled with
the poly-o-hydroxyamide of the formula I. Finally, the
gsubstrate is heated in oxrder to cyclize the poly-o-
hydroxyamide of the formula I to the polybenzoxazole.

35



effected to 10C and 10.32 g (0.04 nol) of dicarboxylic acid chloride 6,
dissolved in 100 mM of distilled y-BL, are added dropwi se. Stirring is
effected for a further hour at 10C and then for 1 hour at 20C. After
cooling 5 again to 10C, 16.28 g (0.02 nol) of bishydroxy conmpound 2,
dissolved in 80 m of distilled 'y-BL, are added dropwi se to the reaction
m xture and stirring is effected for 1 #bur at 10C and then for 1 hour at
20C. The reaction mxture is cooled to 10C, after 10 which 25.28 g (0.25
nmol ) of TEA, dissolved in 80 m of distilled y-BL, are added and the

reaction mxtihe 4gh¥8{HRAcEPLhe LRAP-berpRhdkigidrd Hi rded fome hours
The isol ation_and worki ng-up of polynmer 6 were effected 15 anal ogously to

exanpl e 2. Exanpi®e ?f shReheRWwhanirisriey SPRingg o fggmppblens to

3| sarr: nogh_eno%%%f g&déﬂ?gﬁ%od(l@l Oﬁli%abkll@btma‘?sggpgﬁaﬁl (%S gggfor ) of
issolved in of djstille \ solutjon o . g : nmol) o
di car boxyl i ¢ FEFEP chi or‘T’dezl%ol?n 150" 12 of %’rquth‘F‘FIF ed’”yt?ﬂg‘?'s TR HBpwi se
to this sl utdnitride 10G1\lsl eost iduddtgz, Stabrilng iisnpafdvec edyf arddirdgur t her
hour at 25 10¢ 1<131ensoli tIQen (;r%téLrQour at 20C. After cooling again to 10C, 1.64
g (0.01 nol) © end%apprl, dissolved in 20 M of distilled y-BL, are added
dropwi se to the reaction mxture and stirring is effected for 1 hour at 10C

and then for o] .+ Lh L m LS4 caanl { after
whi ch 19. 76 ﬁ%_ YR 0t 15 BpRRdtin A IddES, d0chtLien THd bt
'y-BL, are addecexdaibler ardcfigh mekererce stQabhedatibacied obhgwedper at ure
and stiryged for 2 hours. 35 The isolation and working-up of polynmer 7 were
ef fect ed anal ogous|y to exanple 1, 36 Exanple 8: Synthesis of polymer 8

33.97 g (0. 06 41 )L of LFRAF nBpREREMaS1EnY1EY 68t gtBe( 626k SeItprofior

bi sam nophenol 3 are di&sodmeihimg S dicofechksic! tedstME; A sol ution of
14.7 g (0.05 nmol) of dicarboxylic acid chloride 3 and 13.59 g (0.045 nol)
of dicarboxylic acid chloride 5 in 250 mM of distilled '"y-BL is added
dropwi se to tHis. sl utishowd 4d0€hafiovemdfkstkr used. 18t iexeampd ass 28f ftect ed

for a furd her hour at 1%%: %pe%%%;%)g(g&u&f&yrogteggggﬁgéﬁg cool ing again

to 10C, 1.56 g (0.01 no dissolved In of distilled
y-BL, are added dropwi se to the reaction mxture and stirring is effected

for 1 hour atpilp HIC anghden o okchnhong abl%@@roﬁher_niéﬁééfﬁﬁhmdﬁ Uree 1I's
cooled to 10C, after which, ég. §6d‘TgﬁF( 0. 25 nol) of }?;.)nyrl di ne, disspolved in 50
m of distilled y-BL, &% THEF S edtT VI FWREY s SRAMF T to
roomtenperature and stiradik for whheturs. 28eThe mgehagiedn andnwor Kiang- up
of poly 8 were effected.anal ogously to, ex | e 1. l e 9:; Nt hesi s
of pol y@ 9 25 24.84 ¢4 .%Szor%ﬁoslo% ballcsaorﬁaér?gnp%en]to? Eﬁ%d lé%"z?é%%”o.os
mol ) of bi sanmi nophenol ahdiment ssodduwekd 20D danascenstproeesNVP. 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
i s added drop\i%e 4o t HROYED| G | FRABRITGC RAPFETSRI rFH FEOISPRr iy iSs

efffept ed for atfurlg ger8ﬂ(}@&t(18_fée %Qﬁrt@ﬁéht f’%_ndh@!l M@Iﬁ@écéﬁﬁz%@-rézgtﬁ_ﬁfe ved
cooling ggaln to ) . o 0) 1S no conpou ) I Ssolve
o150 A 0f i Sti 11 ed PRABICSA, EERMNCh ar R LER TR 1 dio SR ur ¢

and stirring is to the invention;

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

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

according to the invention.

Examples:
35
Chemicals used:



37 effected for 1 hour at 10C and then for 1 hour at 20C. The reaction

m xture 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 mixture is 5 warned
up to roomtenperature and stirred for 2 hours. The isolation and
wor ki ng-up of polynmer 9 were effected anal ogously to exanple 2. 10 Exanple
10: Synthesis of polyner 10 23.53 g (0.0® nol) of bisam nophenol 3 are
dissolved in 250 mM of distilled NWP. A solution of 11.11 g (0.055 nol) of
di carboxylic acid chloride 1 in 80 m of 15 distilled y-BL is added
dropwise to this solution at 10C while stirring. Stirring is effected for a
further hour abidfiasghthAsnsfor 1 hour at 20C. Cooling is effected to 10C
and 8.64 g (0.04 nol) of bisam nophenol 4, dissolved in 80 mM of distilled
NVP, 20 are added dropwi se. Stirring is effected for a further hour at 10C
and then for 13, houni&ahirOCs, LoOkE RYA! j 0C and 12.08 g
(0.04 nDI)Sof gécarbox lic acid chlgr$§§9ggeg%§§g gggthggé mL of distilled
y-BL, are adde ﬂ?%%h? pherp r}?ng is effected 25 for a further hour at 10C
and then for 1 hour at 20C. After cooling again to' 10C, 1.04 g (0.01 nol)
of endcap 1, dissolved in 20 mL of distilled y-BL, are added dropwi se to
the reaction mxture and stirring is effected for 1 hour at 10C and then
for 1 hour at 30 20C. The reaction mxture is cooled to 10C, after which
19.76 g (0.25 nol) of pyridine, dissolved in 50 nmL of distilled y-BL, are
added and the reaction mxture is warnmed up to roomtenperature and stirred
for 2 hours. 35 38 The isolation and worki ng-up of polynmer 10 were

ef fect ed anal ogously to exanple 2. 39 Exanple 11: Determ nation of the
thermal stabilities All pol yners described have thermal stabilities of >
490C according to TGA investigations (apparatus: 5 STA 1500 from Rheonetric
Scientific, heating rate: 5 K/'mn, inert gas: argon). The isothermal nass

| oss per hour (at 425C) is ¢ 0.6~. The polymers described thus neet the
requi renents for 10 the applications stated at the outset. Exanple 12:
Preparation of polymer solutions



25 g of the polyners described in exanples 1 to 10 are 15 dissolved in 75 g
of distilled NWMP (VLSI-Selectipur) or distilled y-BL (VLSI-Sel ectipur). The
di ssolution process is expediently effected on a shaki ng apparatus at room
tenperature. The solution is then filtered under pressure through a 0.2 um
filter into a cleaned, 20 particle-free sanple tube. The viscosity of the
pol ynmer sol ution can be changed by varyi%@ t he di ssol ved nass of polyner.
Exanpl e 13: I nprovenent of the adhesion by adhesion 25 pronoter sol utions
By using adhesion pronoters, the adhesion of the polyners to surfaces

rel evant in mcroelectronics, such as, fg -xanple silicon, silica,
silicon nitride, 30 tantalunlnltrlde or quartz, can be inproved.

Adhesi on pronoters which may be ar- ar exanple, the followr_g
conpounds: 40 5 10 15 20 APl -1 . OCH~ HN~2 AP3 0 -,-0. 3
OCH3 AP5 ~3~ H-CO ~~N- ~ oex~ F+ﬂo bHsi-/~-N—~ ocH3 of f APB
p~X~ ?

NH

4,4'—Di—(4—amino—3—hydroxyphenoxy)tetraphenylmethane -
(bisaminophenol 2)

5
OH
HO
9,10-Bis(3-amino-4~-hydroxyphenyl)anthracene -
(bisaminophenol 3)
10
4,4'-Diamino-3,3"'-dihydroxybiphenyl - (bisaminophenol

4)
15



H3C0-9i-H Fi OCH~ Z 2 Af 6 QOH3 ~ CH3 H~cOo-~i---~- ~eH~-~-~-0-Cc--,Cc aeH~
cH2 0.5 g of adhesion pronoter (e.g.

N- (2- ami noet hyl ) - 3am nopr opyl met hyl di net hoxysi | 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 sanple tube at roomtenperature. After
standing for 24 h at roomtenperature, bhe adhesion pronoter solution is
ready for use. This solution can be used fox 3 weeks at the nobst. The
adhesi on pronoter should give a nononol ecul ar |ayer on the surface of the
parts to be adhesively bonded. Theiadhesi on pronoter can expediently be
applied by the spin-coating technigue. For this purpose, the adhesion

pronoter solution is applied via a ferN ter to the surface to be
adhesi vel y bonded and is spun Hg¥ @ prvH,This is followed by a
drying step for 60 s at 100C. Exanp : Appligation of a polymer by the
spi ncoating nethod and cyclization to give the pol ybenzoxazol e 41 A
processed silicon wafer which has | ands and tren@Hes up to a mini num

di mension of, in each case, about 150 nmis coated with the adhesion
pronoter, as described in exanple 13. Thereafter, the filtered 5 solution
of the poIyneﬂ,ﬂ'ebﬁabaedxyn3e8anﬁham1nb$e&&ﬁb&%@¥QQekhgngpfer by nmeans of
a syringe and(£§ gg%%g&gkxoii§5ributed by neans of a spin coater. The spin
coater speed is 5 pm "Thé polymer is then heated on a hotplate for 1
mn at 128C and for 2 mn 10 to 200C. The coated wafer is then heated under

nitrogen or argon in an oven for 60 mn ta _425C. The pol ybenzoxazol e t hus
obtained is inert to acids, bases and o sol vents. 15 Exanple 15:
wu’

A

Det erm nation of the adhesion off ffhe po 5 on a titaniumnitride |layer A
4" silicon wafer is sputtered w th\a 50 ick titaniumnitride |ayer.
The solution of polyner 1, R0 obt g i 12, is applied to this
wat er by spin coating, H&—B-s0a 250s-@t-3; 000 rpm After
a short softbake for 1 min at 120 10 sifli co¥ chips

nm25 titaniumnitride, are pressed ont
N. This stack is then heated for 1 h at in a nitrogen atnosphere in an
oven. After cooling to roomtenperature, an adhesion test is carried out by
means of a shear tester, Dage Series 30 40Q The nean value of the force
for polyner . whi.ch s required, for_shearing off the chips, is 17.84

N m®2. 35 Ex ?%Fgﬁfyﬁﬁﬁeﬁ?ﬁ%a%?%ﬂrb$ethe adhesi on of the polynmers on a
tantalumnitride | ayer 42 Exanple 15 was repeated, but the surface of the
waf er a of | Si ste ot ctitaniumnitride but, of tantal um
nitri de%The I\Erf%glntcﬂ\;éa'l?%é&?’ (%—héel?%%:%xﬁjrc pol yr‘%‘fl% whiTH-S%<1S equi red for
shearing of f tHearhmmpsic iacid. Pglofide. 1 Exanpl e 17: Determination of the
adhesi on of the polyners on silicon 10 Exanple 15 was repeated, but the
surface of the wafer and of the chips consisted not of titaniumnitride but
of silicon, The nean val ue of theQforce for polynmer 1, which was required
for shearing off the Si chips, i sllig. 27 NV me.

15 Biphenyl-4,4'-dicarboxylic acid chloride -
(dicarboxylic acid chloride 2)

O
QE /Cl
/ C\\
cl o)

H pol yivél, filmwith a force of 2



15 Exanpl e 18: Determ nation of the adhesion of the polyners on a silicon
nitride | ayer Exanple 15 was repeated, but the surface of the wafer 20 and
of the chips consisted not of titaniumnitride but of silicon nitride. The
mean val ue of the force far polynmer 1, which was required for shearing off
the chips, is 16.52 NNmR. 25 Exanple 19: Determ nation of the adhesion of
the polyners on a silica | ayer Exanple 1? was repeated, but the surface of
the wafer and of the chips consisted not $f titaniumnitride but 30 of
silica. The nean value of the force for polynmer 1, which was required for
shearing off the chips, is 17 . 88 NmR. Exanple 20: Determ nation of the
adhesi on of the,35-pol¥AEhEoeArBesihi id er _ . Exanmpl e, 15 was
repeat ed, but the SU£iace of _t he mgpégggﬁgﬁg? t%gh% i ps gﬁ%%%fggx¥%%cof
titani um nitriderButPoPTEFR 8dn carbide. The mean value of the force for
polymer 1, which was required for shearing off the 5 chips, is 16.75 N m®2.
Exanpl e 21: Determ nation of the adhesion of the polyners on a tantal um

| ayer 10 Exanple 15 was repeatég, by he surfaes of iche wafer and of the
chi ps consisted not of titani um of y }:’Om The nmean val ue of
the force for polyner 1, mhicglﬁas gl red fQy ghearyng off the chips, is

16.20 NNmm®. 15 Exanple 22: Determ nation of the adhe§iton of the pol yners
on a titanium | ayer Exanple 15 was repeated, but the surface of the wafer
20 and of the chips consisted not of titaniumnitride but of titanium The
mean val ue of TereRhfhaldvt gothieride whi ¢hivasborguicedchior gheariqg of f
the chips, isgdy7 . 06 NmR2 . 25 Exanple 23: Determnation of the adhesion
of the polynmers on a polyimde 'l ayer Exanple 15 was repeated, but the
surface of the water and of the chips consisted not of titaniumnitride but
30 of polyimde. The nmean val ue of 6he force for polynmer 1, which was

required for shearing off the chips\wis 04éﬂ/nn2 . Exanpl e 24:
Conpar ati ve exanpl e for adhesion 35/C A q\
Cl

C
10 '
5-Phenylethynylisophthaloyl chloride - (dicarboxylic
acid chloride 5)
0
/
Cl*"C/
c va——
=
15 °
5-Allyloxyisophthaloyl dichloride - (dicarboxylic acid

chloride 6)



10 15 20 25 30 35 A pol yner which was prepared anal ogously to exanple 1 of
US 5,077,378 is dissolved, as described in exanple 12, in NWMP. Exanples 15
to 23 are repeated with this solution, a solution of the polyner from US
5,077,378 being used instead of the solution of polynmer 1. The foll ow ng
mean val ues are determned: Titaniumnitride surface: Tantalumnitride
surface: Silicon surface: Silicon nitrige surface: Silica surface: Silicon
carbi de surface: Tantal um surface: Titanium surface: Polyim de surface:

14. 7N me15 . 69N mmR15 . 21N mR14 . 03N mmR14 . 94Nl m213 . 37N m213 .
96N Mm®214 . 07N mR13 . 02N mm2 Exanpl e 25: determ nation of the chemi cal
stability to organic solvents polyner 1 was {agplied from 20~ strength by
wei ght solution (solvent NWP) to three 4! si®4 con wafers by spin coating,
for 5 s at 500 rpmand for 25 s at 2 oooﬁfiz1 After a short softbake for 1
mn at 120C and for 2 mn at 200C on a hotpl ate, the wafers were heated for
1 h at 400C in a nitrogen atnosphere in ar] oven. After cooling to room
tenperature, one coated wafer each was headtgd for 5 h to 50Cin NWP, in
acetone and in toluene. Thereafter, the ers are dried fox 60 mn at 200C
in vacuo and the mass difference i@Edete d. .S del am nati on phenonena
wer e observed. Mass decrease: NWP O. Acét one;0. 50 Tol uene 0.7~ 45 5 10
15 20 25 30 35 Exanple 26: Determ natgon of thg chemical stability to acids

Bisamino compounds:

5 Poly (propylene glycol)—bis—(é—aminopropyl ether)

(bisamino compound 1)

H
H,N—C—
, 2
CH,

H

c—{-—o-—c—c—]—NH

H H, [ " ?
CH,

10 M =4 000 g/mol
Bishydroxy compounds:

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

0

O/U\O/{/\/\/\/OTO\]}/\/\/\OH

HO

M = 2 000 g/mol
20
Poly[di(ethylene glycol) phthalate] diol - (bishydroxy

compound 2)



Pol ymer 2 was applied from 200 strength by weight solution (solvent NW) to
three 4" silicon wafers by spin coating, for 5 s at 500 rpmand for 25 s at
2 000 rpm After a short softbake for 1 min at 120C and for 2 min at 200C
on a hotplate, the wafers were heated for 1 h at 400C in a nitrogen

at nosphere in an oven. After cooling to roomtenperature, one coated wafer
each was heated for 5 h to 40C in concentrated HCL, in 50~ strength
sulfuric acid and in acetic acid. Theredfter, the wafers were dried for 60
mn at 200C 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 H2S04 0. 6~ Acetic acid 0.2~ Exg 8 27: Determ nation of the

chem cal stability to bases Polyner 3 was agplied from 20~ strength by

wei ght solution (solyent NWP) to three 4~={(licon wafers by spin coating,
for 5 s at 500 rpqpaEdotg%_Qﬁ_@_ab 0Q0 rp '_Ef%ﬁLia.éhQﬁio ke for 1
mn at 120C and for m n'ati,2@0C o A Mot pi7at th wq%f @r s re heated for

1 h at 400C in a nitrogen atnosphere in Qn%ven. After coéling to room
tenperature, one coated wafer each was heated for 5 h to 40C in 50~
strength NaOH, in %7~ strength KOH and in concentrated anmoni a. Thereafter,
the wafers wemézd@iédgVSFﬁﬁo m n at 200C in vacuo and the mass difference
was determ ned. No del am nati on phenonena were observed. 46 Mass
decrease:SSOaE%&ﬁpngth NaOH 0.9~ 47$% strength KOH 0. 7~ Conc . anmonia O .
1~ 5 Exampl e C“B&t'ermi nation of the dielectric constant of pol yner 1 The
test setup used for determning the dielectric constant is shown in fig. 1.
Pol ymer 1 was ydir$sehyadyn H MR 25 Sidehoth sol ution) and the solution
was filtered under presSure over a nenbrane having 0.2 um pores. This
solution is applied by spin coating to a substrate 1 on which a 600 nm
thick Ti layer 2 is already present.dﬁgf |l ayer 3 is dried at 120C and 15

200C, for 2 mn in each case, on a h atezand then heated at 430C for one
hour in a nitrogen atnosphere. Titaniun}e%ﬂmtrodes 4 are then applied by
sputtering on this layer 3 via a shaqPW/wasQ_fhomn infig. 2. For this

pur pose, the shadow nmask shown in fig.2™2 coﬁ%rises 20 apertures 5 which
correspogg in their dinensions and in their arrangenent to the titanium

el ectrod 4. The dielectric constant is determ ned using the inpedance
spectronet er 6-Natboraecteterwarbdxgdiz. 4¢iidn chlforddieency enginge 2ryom 100 Hz
to 1 MHz. 25 Exanple 29: Determ nation of the dielectric constant of

pol ymer 2 The determ nation of the dielectric constant of polyner 30 2 was
ef fected anal ogously to exanple 28 and gave|\a val ue of 2.58. Exanple 30:
Determ nation of the dielectric constant o ymer 3 35 47 The

determ nation of the dielectric cons@gnt ynmer 3 was effected

anal ogously to exanple 28 and gave a VE ue of 2.63. 5 Exanple 31:

Determ nation of the dielectric cons t of polynmer 4 The determ nation of
the dielectric constant of polyner 4 was effected anal ogously to exanple 28
and gave a 10 value of 2.51. Exanple 32: Determ nation of the dielectric

constant _af palynmer 10 15 Th eterm nati.on of the dielectric constant of
pol yner ig mag'éPFé8F88n§ﬁ§P3§g&§9§g%5yé%§ yf%‘éﬁﬁ'gé@€d§a§hgde of 2.49.

0

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



Exanpl e 33: Conparative exanple for dielectric constant 20 A test carried
out according to exanple 28 with a polyner prepared anal ogously to exanple
1 of US 5,077,378 gave a dielectric constant of 3.1 in the frequency range
from100 Hz to 1 MHz. 25 Exanple 34: Determ nation of the water absorption
Pol ymer 1 was applied from 20~ strength solution (solvent NVMP~ by spin
coating to a 4" silicon wafer of 30 kno mass, for 5 s at 500 rpm and for
25 s at 3 500 rpm After a short softbake for 1 min at 120C on a hotpl ate,
the wafer is heated for 1 h at 400C in a nitrogen atnosphere in an oven.

The mass of polyppr:d.is dgtgngl pedoby 18ans 10y apeAT261, DRl axRange. 35

anal yti cal bal ance i s then store
water. After the wader mwtbeem Bltowk0°C 4ghdflle, stixwimer Weighting is

determ nation yes.ef{gCESH. T@érEﬁéEeﬂb%e a\&ﬁtl%roca%%f& FEHé}P fcﬁasff‘%ﬁk the
mass of pol ybenzoxazole was calculated fromthe nass difference. 5 Water

absor ption det&Fn?hg4: ﬁfBerEEaﬁ'ﬂaFLE%BgaB&rré@cér%)cet rucdre 4O Foimaer 1
was di ssolyed én NMRgda9~ §;re@g§£bbsyeavel ght sol umona;fandlgbﬁlﬁeautym was

filtered unde ress e thro nmenbr ane. havj n 2 ~,m pores. The
solution is apP %FE%?‘?I E’gaacq%ng & fcﬁqq‘fcédﬁ)%@ﬁﬁ eﬁ'hef Y- pm f or
25 s and the Im;y;eu:urs ﬂlﬁ(ﬂedtiﬁflﬂgﬁlﬂ af fbt2a0€ocand thtwr faar 1290 rarat 140C
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space betWFe éué%fgﬁn) éﬁ%hed with 2 1 of cold demineralized

water. After the filtration with suction, the polymer
is stirred twice for 1 hour at room temperature in
2.5 1 of a 3% strength ammonia solution each time and
then filtered off with suction. The polymer is washed

25 neutral with demineralized 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, vY-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
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damascene water. 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 polymer 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
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room temperature and stirred for 2 hours.

15 The isolation and working-up of polymer 3 were effected

analogously 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 NMP. A solution of 15.1 g
{(0.05 mol) of dicarboxylic acid chloride 5 and 12.9 g
(0.05 mol) of dicarboxylic acid chloride 6 in 200 ml of
distilled y-BL is added dropwise to this solution 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 bishydroxy compound
1, dissolved in 100 ml of distilled y-BL, are added
dropwise to the reaction mixture and stirring 1is

30 effected for 1 hour at 10°C and then for 1 hour at
20°C. The reaction mixture 1is cooled to 10°C, after
which 15.17 g (0.15 mol) of TEA, dissolved in 50 ml of
distilled 7-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 4 were effected

analogously to example 2.
Example 5: Synthesis of polymer 5

19.11 g (0.05 mol) of bisaminophenol 1 are dissolved in
250 ml of distilled NMP. 2 solution of 5.56 g
(0.02 mol) of dicarboxylic acid chloride 2 in 80 ml of
distilled Yy-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 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
for a further hour at 10°C and then for 1 hour at 20°C.
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 is
effected for 1 hour at 10°C and then for 1 hour at
20°C. The reaction mixture is cooled to 10°C, after
which 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.

The isolation and working-up of polymer 5 were effected

analogously to example 1.
Example 6: Synthesis of polymer 6

37.25 g (0.095 mol) of bisaminophenol 3 are dissolved
in 400 ml of distilled NMP. A solution of 15.12 g
(0.06 mol) of dicarboxylic acid chloride 1 in 150 ml of
distilled NMP is added dropwise to this solution at
10°C while stirring. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. Cooling 1is
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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 i1s effected for a further
hour at 10°C and then for 1 hour at 20°C. After cooling
again to 10°C, 16.28 g (0.02 mol) of bishydroxy
compound 2, dissolved in 80 ml of distilled y-BL, are
added dropwise to the reaction mixture and stirring is
effected for 1 hour at 10°C and then for 1 hour at
20°C. The reaction mixture is cooled to 10°C, after
which 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

analogously to example 2.
Example 7: Synthesis of polymer 7

28.31 g (0.05 mol) of bisaminophenol 2 and 23.31 g
(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
10°C and then for 1 hour at 20°C. After cooling again
to 10°C, 1.64 g (0.0l mol) of endcap 1, dissolved in
20 ml of distilled vy-BL, are added dropwise to the
reaction mixture and stirring is effected for 1 hour at
10°C and then for 1 hour at 20°C. The reaction mixture
is cooled to 10°C, after which 19.76 g (0.25 mol) of
pyridine, dissolved in 50 ml of distilled vy-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 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
(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
stirring. Stirring is effected for a further hour at
10°C and then for 1 hour at 20°C. After cooling again
to 10°C, 1.56 g (0.01 mol) of endcap 2, dissolved in
50 ml of distilled vy-BL, are added dropwise to the
reaction mixture and stirring is effected for 1 hour at
10°C and then for 1 hour at 20°C. The reaction mixture
is cooled to 10°C, after which 19.76 g (0.25 mol) of
pyridine, dissolved in 50 ml of distilled y-BL, are
added and the reaction mixture is warmed up to room

temperature and stirred for 2 hours.

The isoclation and working-up of polymer 8 were effected

analogously to example 1.
Example 9: Synthesis of polymer 9

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
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,
dissolved in 150 ml of distilled y-BL, are added
dropwise to the reaction mixture and stirring 1is

*

y2
\



58 s s R*

Rww~QeR*~*/ N~/ / x* - R * As Rea*/~-R~-JNNsS®G6Ra/

X1 and X2,

10

15

20

25

30

35

i n each case independently, are

37

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, disscolved 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 9 were effected

analogously to example 2.
Example 10: Synthesis of polymer 10

23.53 g (0.06 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
distilled Yy-BL is added dropwise to this solution at
10°C while stirring. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. Cooling 1is
effected to 10°cC and 8.64 g (0.04 mol) of
bisaminophenol 4, dissolved in 80 ml of distilled NMP,
are added dropwise. Stirring is effected for a further
hour at 10°C and then for 1 hour at 20°C. Cooling 1is
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
for a further hour at 10°C and then for 1 hour at 20°C.
After cooling again to 10°C, 1.04 g (0.01 mol) of
endcap 1, dissolved in 20 ml of distilled y-BL, are
added dropwise to the reaction mixture and stirring is
effected for 1 hour at 10°C and then for 1 hour at
20°C. The reaction mixture is cooled to 10°C, after
which 19.76 g (0.25 mol) of 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.
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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 polyﬁer 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 1s expediently effected on a shaking apparatus
at room temperature. The solution 1s 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 adhesion of the
polymers to surfaces relevant in microelectronics, such
as, for example, silicon, silica, silicon nitride,
tantalum nitride, glass or quartz, can be improved.

Adhesion promecters which may be used are, for example,

the following compounds:
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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
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 is spun for
30 s at 5 000 rpm. This is followed by a drying step
for 60 s at 100°cC.

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 1is coated with the adhesion promoter, as
described in example 13. Thereafter, the filtered

5 solution of the polymer 1 obtained in example 1 is
applied to the wafer by means of a syringe and 1is
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

10 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 is inert to acids, bases
and organic solvents.

15 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,
20 obtained in example 12, is applied to this wafer by
spin coating, for 5 s at 500 rpm and for 25 s at
2 000 rpm. After a short softbake for 1 min at 120°C on
a hotplate, 10 silicon chips measuring 4 x 4 mm?, which
were likewise sgputtered on the surface with 50 nm
25 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 1is
carried out by means of a shear tester, Dage Series
30 400.

The mean value of the force for polymer 1, which was

required for shearing off the chips, is 17.84 N/mm’.

35 Example 16: Determination of the adhesion of the

polymers on a tantalum nitride layer
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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 mean 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 value of the force for polymer 1,
which was required for shearing off the Si chips, is
18.27 N/mm?.

15
Example 18: Determination of the adhesion of the

polymers on a silicon nitride laver

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 1, 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, is
17.88 N/mm.

Example 20: Determination of the adhesion of the

35 polymers on a silicon carbide layer
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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 silicon 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 wvalue of the force for polymer
1, which was required for shearing off the chips, is
18.04 N/mm?.

Example 24: Comparative example for adhesion
35
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group having
10 15 a isOor

si mul t aneousl

pol y-o- hydroxyam de as clainmed in claim4l, 5 wherein at

1 to 10 carbon atons, an aryl group or a heteroaryl group; 5

1;b isl- 200;c is0O- 200;d isO- 50;a isO- 50;f isOor 1;g isO-
100; h is0O- 100;i is0O- 10;k isO- 10;1 isl1l- 10;mis1- 10; 65 g and h not

y being 0 and, if R -CHzZ-, 1 =0 - 10. 2. The

foll owi ng conditions applies: b =5 - 100; ¢ =0 - 50; 10 d = 0 - 20;
- 20. 3. The poly-o-hydroxyam de as clained in claim1l or 2, wherein at

| east one of
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polybenzoxazol obt ai a pol y- ohydr oxyam de of the forpula I
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Us 5,077,378 being wused instead of the solution of

ion,

polymer 1. The following mean values are determined:

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

Example 25: Determination of the chemical stability to

organic solvents

Polymer 1 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 50°C in NMP, in
acetone and in toluene. Thereafter, the wafers are
dried for 60 min at 200°C in wvacuo and the mass
difference 1is determined. No delamination phenomena

were observed.

Mass decrease: NMP 0.9%
Acetone 0.5%
Toluene 0.7%

| east one of the

a

20

5.

0



is reacted with at |east one dicarboxylic acid or one activated

di carboxylic acid derivative of the formula |11 66 0 O Formula Il 5 1in
which L is a hydroxyl group or an activating group, Y is Y1, Y2, Y3, Y4 or
Y5, and Y1, Yz, y3, y4 and Y5 have the neaning stated in claim1. 10 6. The
process as clainmed in claim5, wherein the reaction is carried out in the
presence of a base. 7. A process for th& preparation of a pol ybenzoxazol e
as clainmed in claim4, wherein a poly-015 hydroxyam de of the formula | is
heated. 8. An el ectronic conponent conprising a dielectric which contains a
pol ybenzoxazole as clained in claim4. 20 9. A pr ocess for the producti on
of an electro npgnent_ as clained in wher utlon of a
pol y- o- hydrox€§ ge ggth@qmﬁﬁﬁﬁQ?qqu1 sg$9eﬁpepécﬁﬁ %Wﬁe%%lutlon
is applied 25a¢bda substrate and the solvent is evaporat ed so that a film
is obtained, the filmis heated in order to cyclize the poly-o0-hydroxyam de
of the formula | to give the pol ybenzoxazole as clained in claim4, and the
filmis sSruchllﬁdei*n Dr oes t(ap’.ﬁﬂl(dat aifiroa réQPstssrengthreby\hiwétLdi—as
trenches, e At epQsi{ n st.he ur.
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pol y- o- hydroxyam de ‘of the formula | 5 in a solvent is prepared, the
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struct ures behagesd whbeh1t herches crce ﬁ'ﬁrénﬁﬂdrobéﬁ sehvephere ayARE! at ed
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delamination phenomena were observed.

Mass decrease: Conc. HC1 0.5%
50% strength H;S04 0.6%
20 Acetic acid 0.2%

Example 27: Determination of the chemical stability to

bases

25 Polymer 3 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

30 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

35 in vacuo and the mass difference was determined. No

delamination phenomena were observed.
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5 Example 31: Determination of the dielectric constant of

polymer 4

The determination of the dielectric constant of polymer
4 was effected analogously to example 28 and gave a
10 value of 2.51.

Example 32: Determination of the dielectric constant of

polymer 10

15 The determination of the dielectric constant of polymer
10 was effected analogously to example 28 and gave a
value of 2.49.

Example 33: Comparative example for dielectric constant

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

25

Example 34: Determination of the water absorption

Polymer 1 was applied from 20% strength solution
(solvent NMP) by spin coating to a 4" silicon wafer of
30 known mass, for 5 s at 500 rpm and for 25 s at
3 500 rpm. After a short softbake for 1 min at 120°C on
a hotplate, the wafer is heated for 1 h at 400°C in a
nitrogen atmosphere in an oven. The mass of polymer 1
is determined by means of an AT261 Delta Range
35 analytical balance. The coated wafer is then stored for
10 h at 80°C in water. After the water had been blown
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Example 35: Damascene structure

10 Polymer 1 was dissolved in NMP (20% strength by weight
solution) and the solution was filtered under pressure
through a membrane having 0.2 uﬁ pores. The solution is
applied by spin coating to a silicon substrate at
2 500 rpm for 25 s and the layer is dried for 2 min at

15 100°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 thick Si0; layer
is deposited as a hard mask on this approximately

20 700 nm thick PBO layer in a PECVD unit (Novellus
Concept 1). This hard mask is structured by means of
standard lithography and etching techniques. The PBO
layer is then structured wvia the structured hard mask
in oxygen plasma in an RIE unit (Lam XL). After

25 deposition of a 10 nm 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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Example 36: Damascene structure 2

10 Example 35 was repeated, but polymer 3 was used instead
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 exhibiting strong adhesion are obtained.
20 Example 38: Damascene structure 4

Example 35 was repeated, but polymer 7 was used instead
of 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, Dbut 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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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. 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 1is 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 3 000 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 via 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 layver 10 which
is likewise composed of polybenzoxazole. Depressions
have been etched into each 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 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.
Example 43: Dual damascene structure 4

Example 40 was repeated, Dbut polymer 10 was used
instead of polymer 1. Here too, defect-free dual
damascene structures having vertical and smooth

sidewalls are obtained.
Example 44: Filling of narrow trenches

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
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 wunder
nitrogen. The metal structures, some of which have an
aspect ratio of more than 4, the distance between the
structures being only 120 nm in some cases, are
electrically insulated from one ancother in this
process. A fracture was produced from the substrate
prepared, polished, and investigated using a scanning
electron microscope. The micrograph is shown in fig. 5.

Intermediate spaces which are filled with
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polybenzoxazole 14 are arranged between lines 13 of
aluminum. The polybenzoxazole shows no defects.

Example 45: Filling of narrow trenches 2

Example 44 was repeated, but polymer 7 was used instead
of polymer 1. Here too, the trenches are filled without
defects.

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.



3109 & ()-sV'f"j"z""tt|[:vU3!l ,10%! & ()- A ,10%J U& ()- $ 9 1098 8& ()-
9 10% & ()- < 9 109P%& ()-  t109%& ()-L"""""""|[:vU3! 0 10%!& ()- '
10% & ()- @109% ()-3 P@10%& ()-3 D@10%!'& ()-3 7 ,109%K K& ()-"""
###p#| [ vU3! 009310%! & ()- 9610%! & ()- $ 9-1098 8& ()- 9-10%!& ()- -
9- 10%4Ae! A& ()- ' 1099 )& () - pHHHHHHHNR2S10%! & ()- s10%! & () -
s10%! & () -

Patent claims

1. A poly-o-hydroxyamide of the formula I
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R® is an alkyl group having 1 to 10 carbon
atoms, an aryl group or a heteroaryl group;
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a 1is 0 or 1;
b is 1 - 200;
c is 0 - 200;
d is 0 - 50;
10 e 1is 0 - 50;
£f is 0 or 1;
g 1s 0 - 100;
h is 0 - 100;
i is 0 - 10;
15 k 1is 0 - 10;
1 is 1 - 10;
m is 1 - 10;
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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 II

Rl

B,N—2—NE,

Jm‘

25
Formula II

in which 2z is 2z, Z? or z), and 2!, 2%, 2z 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



0& % Rks?F9aQ@xd*<fU !"#$W& ()*+,-./0123456789:;

<=>2@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ _" abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti mes
New RomanAri al Courier New'h Root EntryWrdDocunent

F"#39%R' () *+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~
I"H#B9& ()*+,-./0123456789: ; 66

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~
" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~
I"#B9& ()*+,-./0123456789: ; 0

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ _"@abcdef gt j kI mopgr st uvwxyz{|}~
I"H#S9R () *+,-./0123456789: ; §—Y

<=>? @\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_t1abcdef ghi j kIl mmopqr st uvwxyz{| } ~
I"#B9R ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

Formula III

in which L is a hydroxyl group or an activating
group, Y is Yv!, ¥?, ¥}, Y! or ¥®, and Y%, V%, ¥, ¥
and Y’ have the meaning stated in claim 1.

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

7. A process for the preparation of a polybenzoxazole
as claimed in c¢laim 4, wherein a poly-o-
15 hydroxyamide of the formula I is heated.

8. An electronic component comprising a dielectric
which contains a polybenzoxazole as claimed in
claim 4.
20
9. A process for the production of an electronic
component as claimed in c¢laim 8, wherein a
solution of a poly-o-hydroxyamide of the formula I
in a solvent is prepared, the solution is applied
25 to a substrate and the solvent is evaporated so
that a film is obtained, the £film is heated in
order to cyclize the poly-o-hydroxyamide of the
formula I to give the polybenzoxazole as claimed
in claim 4, and the film is structured in order to
30 obtain a resist structure which has trenches, a
conductive material 1s deposited on the resist
structure so that the trenches are filled with the
conductive material, and excess conductive

material is removed.



10

10.

67

A process for the production of an electronic
component as claimed in c¢laim 8, wherein a
solution of a poly-o-hydroxyamide of the formula I
in a solvent is prepared, 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 cyclize
the poly-o-hydroxyamide of the formula I to give
the polybenzoxazole as claimed in claim 4.



