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G 105010PC _F-1333_JR-60018US, EP, SG LAM NATED BODY
AND SEM CONDUCTOR DEVI CE TECHNI CAL FI ELD The present
‘invention relates to a | am nat@lE01eaPC ifs3d3alR-8001SAEEP, SG
which nmay be 5 suitably used when formng a wiring -
| ayer in the manufacture of sem conductor devices,
and particularly to a | am nate which nmay be suitably
used t o EAMINATHD BOGY ANBrSENMIGONDWWIEORR2Edene
structure. BACKGROUND ART 10 In recent years, a
mul tilevel wring technol ogy has been used to connect
wires fornmed in different layers in order to dea
TEGHMNIGYaFIEF down of seni conduct or devices. As a
rel ated-art exanple of the nultllevel mnrln% .
t ecAePESFNt iavention selafes o lpmpiaatgi ofen infiplating amwﬂuéls mgy be
first wiring |ayer provjded on a first insulatin
suitablipused yyhep %?@%19&9 aringlayerdp dhe @aw@%tﬁrecqf\ﬁ@mcwﬁ@tor devices,
r st mnrln | ayer and has.a con act hol e over, .t
%vPim‘ﬁ?}aﬂ&% larsifatg e h BAX B oy Hpd; ig ferm m%@aer with a
du%_ the contact hole. In this case, a contact |ayer
er) is provided in the contact hole to
el ectrically connect the first wiring |layer and the
second wiring layer. Copper may be used as the

gw Apterial for the contact |ayer. Copper  has
an advantage in that an RC delay can be reduced so

t hag, réﬁ O}%Q{%r athAflesHSeSin gqecml%weg;y%ﬁ%%eﬁ \Aﬂe@}ht&%nect wires

ot her sfnce copper a mat

forfRaliih Miffrédt UHRE InHr@erdd dbil&ﬁ't}ilkda!ﬁﬂ ldawaror seilitoAGuct devices.
interlayer di'electric, a barrier ayer for preventing

Asd felaisd-aip eRBiiple & ffeed maﬁﬂ@m SEARE tcoisldg §,0f Sthitgrd ciih b given
using copper. A silicon nitride filmnmay be used as

whidheinchidey o dirsf wiridghlaydapmoviged |y e rfirst inovletiegy layer, Aaeinterlayer
the silicon nitride filmhas a high relative

dieftictricewhich cocunthiedint, wisingdayenand kel agontreyhde over thy wixing layer,
di ffusi on of copper is prevented. As another materi al

and, 8 sePong Wipisg igver pvided pvpratpé contgctiaile.c dndbisichsme chntagh layer

obt ai ned by curi.ng tﬁ) ycar bosi | ane conpound
(conductive layer) is prov1ded in the contact hole to electrically connect the first wiring

layer and the second wiring layer. Copper may be used as the conductive material for
the contact layer. Copper has an advantage in that an RC delay can be reduced so that
the operation speed can be increased.  On the other hand, since copper is a material
which is easily diffused into an insulating layer such as an interlayer dielectric, a barrier
layer for preventing diffusion may be formed on copper when forming a wire using
copper. A silicon nitride film may be used as the material for the barrier layer.
However, since the silicon nitride film has a high relative dielectric constant, a wiring

delay may occur even if diffusion of copper is prevented. As another material used for

. the barrier layer, a polycarbosilane film obtained by curing a polycarbosilane compound

can be given (see United States Patent No. 5,602,060). The polycarbosilane film

disclosed in United States Patent No. 5,602,060 is produced by applying a

film—-forming composition to a
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can be given (see United States Patent No. 5,602, 060).

The pol ycarbosilane film disclosed in United States

Patent No. 5,602,060 is prodUC@%hmﬁpm I/E!SEQJI@GOOISUS EP,SG

filmform ng conposition to a

105010PC F- 1333 _JR-60018US, EP, SG substrate and

heating the applied conposition in an oxidizing
sutRtAR AN AERing thl SPUEBREGHitidHa dnNWENTGhShkuprer , it

'S dlfflcultg to control the t hi ckness of the film

usi ng the above 5 nmethod. Mreover, a further

i nprovenent in thermal stability is demanded. An
DISOLOSURY OF THE INVENTIONIi s to provide a laninate in

which an insulating |layer is provided on a wiring

| ay Blowieodrmitdis odifficultotodcmitiol ¢hd alyieknesoof dhaifthg wiygpére above

and in which diffusion of copper into the insulating
mettder Muedvar ifoghdrimpraveinegt indiiemmal stabitituis ddmandedt her

object of the invention is to provide a sem conductor

devApebjestofittie inyentionlid tovpravidy 4 lagninate igrwieich pminshlating layer is

insulating layer of the above |am nate using a dual

providedonenieirivg layst formef g vanduciive byes eritainingfsepper and in which

i nvention conprises:; a copper Wri | ayer prow ded
diffugion of cepner m&mmﬂatm@weraﬂ@aﬁm tﬁ@ winglaxer if reduced.
pattern; a .protective |ayer .. .
pol @B@ﬁfb&b@i% g meelgmtxoay%w 1&96{95? &é&mEFH“E“FFéOf dexice jpuding a
W rin er an an i.nsul atin ided on.the
wnmg)#@%f R j& e SR Btef e, B Bl Yatfidle Hife  dual
the |n$1% (al ng Iayer usi ng a dual danmascene nethod.
opper wiring layer" used herein refers to a

W r'Arlgmm%y Jccogdﬂ{g'{g% fnv@ntmtc%fﬂp"i’fs contai ning copper.

a copper Wiring layer provided over a gemiconductor layer and having a
specific pattern;

a protective layer formed of a polybenzoxazole resin layer provided on the
copper wiring layer; and

an insulating layer provided on the protective layer;

wherein a wiring layer is formed in the insulating layer using a dual damascene
method. The term “copper wiring layer™ used herein refers to a wiring layer
formed of a material containing copper.

The laminate according to the invention may have the following features.

In the laminate according to the invention, the insulating layer may be a silica
film or an organic film.

In the laminate according to the invention, the insulating layer may include a

silica film and an organic film stacked in layers.

In the laminate according to the invention, the insulating layer may include a

 first organic film, a silica film, and a second organic film stacked in that order.

In the laminate according to the invention, the insulating layer may include a



20 The lam nate according to the invention may have

the following features. In the |lam nate according to

the invention, the insul ati ngGlGEHPeéoPOEYy 1388 _AR-$0018:5,EP,SG

filmor an organic film In the |l am nate according to

the invention, the insulating | ayer may include a

silica filmand an organic filmstacked in [ayers. 25
first sitica fibm,| saurrir ganie fike.coddi segondosiki¢refilimstackeil am that psler.

insulating layer may include a first organic film a

si The lanfindterpcconding te hegnrension ariyclurthemsosanaisr adrardhmeglglayer

order. In the am nate according to the invention, the
provided ondhe weulpRglayefay i ncl ude a 2 GLO50 10PC- F-

1333-JR-60018US, EP, SG .first silica film an organic

f i Imhe danainatesicerdinestolthe VEniion, Shepqlieraizale regin dayer may

The | am nate according to.the ipyention may_further

5 be formep PF 3 EsH Iaing HiepRatig it 0%%%8&%%@?{% e B ng
| ayer. In the |am nate according to the invention, the
pol ybenzoxazole resin layer may 5 be forned of a
resin having a repeating unit of the foll ow ng general
formula (A) y ~gNX/ Ae-Y O QO n (1) wherein X

r epr esent{s,7atNd eagt_ group sel ected from groups of
the fol | dwipg g nul 10 (2), Y represents at |east
one group‘sel ected frdm groups of the follow ng '¢))
formula (3), and n represents an integer from1l to
10,000, I~ 1~1~1~i~1 1I~xOIl~ X1 I~X1~\\ I
(2)

wherein X represents at least one group selected from groups of the following formula
10 (2), Y represents at least one group selected from groups of the following formula (3),

and n represents an integer from 1 to 10,000,

T o0
O Y Oy

2



3 G 105010PC _F-1333_JR-60018US,EP, SG U\ I \/ (I ~
11 1 (/\ X1\ 1 | (3) wherein X1 represents a group

sel ected from groups of the fGldsommg H-0338ulR-604)8US,EP,SG
Gl050 10PC-F- 1333-JR-60018US,EP, SG / - \C CF3 CH,

-sot -O CF3 CH, ~ 1 1 (4) provided that a hydrogen
atom on the benzene ring of the groups of the fornul as
(2), (3), and 4) may be replaced with a crosslinking
group, O y b c ¢ at |least one 5 organic
group thcp, I /A' i phatic groups and

aromati c groups ahd nay ave a crosslinking group. In
the lanminate according to the invention,
polybenzoxazole resin layer y bé¢

havi ng, ~&s t he SUni t s e~gener al
fornul.|‘, | ea one' up seleEeteg-fyomthe
groups o theforrrula(s) in V\:hiCh @ atom on
the 10 benzene r|ng is replaced with an ethynyl group
or a phes Ie Ny e |am nate according to
the inve nt|o he p Benz oIe 1r3|n Layer may
' >
shoelnoIENRE]
* -G
O A
_. 'O"= \_/

3)

wherein X represents a group selected from groups of the following formula (4),



be formed of a resin having at | east one group

sel ected fromgroups of the followwng fornmula (5) or

(6) as Y in the repeating uni GG1ofotore:_gersspaiR-@SUISEP, SG
(1). 5 G 105010PC _F-1333_JR-60018US, EP, SG C=CH C-CH
CCHC\ XQ\ / glCH \ ADI~ 9%-CH/ \C=CH\ | I

C&EH \CCHCCHHCCH- /1 CHd/ 11\ ~CCHC=CH
C-CH C—Cﬂ@ baI,\ 5 1333 _JR-60018US, EP,
SG C=C| § Vc-clg-g A | \I \I IBC=C ~c=c
c=c=c | ~1 ~1 -C= CC/ I tca=0/ / I \c_c \ 1
™~ R T e o \0\_ = /O/

1)~ \ 7\ s

(';Fs CHy

—S0,— L Qe Y Y

CFy CHy

(4)

provided that a hydrogen atom on the benzene ring of the groups of the formulas (2), (3),
and (4) may be replaced with a crosslinking group, or may be replaced with at least one
organic group which is selected from aliphatic groups and aromatic groups and may
have a crosslinking group.

In the laminate according to the invention, the polybenzoxazole resin layer may
be formed of a resin having, as Y in the repeating unit .of the general formula (1), at least
one group selected from the groups of the formula (3) in which a hydrogen atom on the
benzene ring is replaced With an ethynyl group or a phenylethynyl group. |
| In the laminate according to the invention, the polybenzoxazole resin layer may
be formed of a resin having at least one group selected from groups of the following

formula (5) or (6) as Y in the repeating unit of the general formula (1).



TO ~I (6) In the lamnate according to the invention,
the organic filmmay have a relative dielectric

constant of 3 or less. 5 In tEOBamRiafel 336 cht6iNGUSER,SG
the invention, the organic filmmay be a film forned

of at |east one resin selected from pol ybenzoxazol e,

pol yaryl ene, polyarylene ether, polyimde, and

pol yam de. In the |am nate according to the invention,
the silica f|In1nay be afilm 7

G105010 - 1338 , SG produced by heating
a hydroI Is-c ansat i uct obt ai ned by
hydr ol yzi hng=and e S|ng aP"heast one conpound

sel ected fromthe group conS|st|ng of conpounds of
the fqll ow ng general for mul
HSi ( | > wher re-- ,_3vﬁTent

or gani roup Ra ( -ad(8) herein R
represenﬁsia quorlneQﬁqﬂnor a fonpval ept organic
group, R2 represents a nonoval Eh-“or ger T group, and

a repr n |nt or 2, Si(OR3)4 (9) .5
wher ei represe Rﬂ:;;blent group
RAb( REBY3- bSPdRd- OR)3 QLd0 fer &i

i ndi vidually represent nonoval ent Sergani e-gr oups, b

and c nd VI

u“%m

C"'CH C_CH C—GH

=

C_CH

= &)



represent integers fromO to 2, R8 represents an

oxygen atom a phenylene group, or a group -(CH2)o
(wherein n represents an i nt egti5000BC0F 1338 ER-60aBUYEP,SG
represents O or 1. In the lam nate according to the
invention, the hard mask layer nay be a |ayer

i ncludi ng at | east one of a silica filmand an organic

film e/Tan1 ,ac o the i nvention includes
the pr k |ve I. t he pol ybenzoxazol e
resin Iay |c ceavefé“ -east t he upper surface of
t he copper i ng lLAayer, he i nsul ating |ayer
provi ded on pr Of ive I Since the 8 G 10501
OPC-F 1333_JR 60018US  EP, S polybenzoxazole resin

| ayer _exhi bItS a low rel ative diel ectrlc constant, a
hi gh, ‘,\ and AN gh ASS 3 3

t enp i ffuki gh of opper) as the
materialcﬁ or the conemelive Iay e r d.
Therefore | am nat e rdi ng.toythe I on
al l ows pr ion of a l ate A \udesahlghly
reliable insul ngfllm 5 due to a reduction in

di of cg\p Ko he insulating layer. A

S yeh or deyi e ak dlngtothelnventlon

cohpri ses &% i ng Iayer

“layer of theZahove | am nate

nmet hod. BR DESCRI PTI ON
a cross-sectional view schematic
I am mat-g r chng i rst
Crosstse tiona vie scthe tica
accor ch

Cross- sectl v w schemaT II
.5 accordl |rd exa
O @ \/

e o

In the laminate according to the invention, the organic film may have a relative

YN

oo

/

N

(6)

dielectric constant of 3 or less.

In the laminate according to the invention, the organic film may be a film
formed of at least one resin selected from polybenzoxazole, polyarylene, polyarylene
ether, polyimide, and polyamide.

In the laminate according to the invention, the silica film may be a film
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FIG4 is a cross-sectional view schematically show ng

a sem conduct or device according to one enbodi nent of
the invention. BEST MODE FOR @ABRYIoMG 8UB3THR-60018US ERSG
INVENTION !0 1. Laminate The invention is described
below in nore detail with reference to FIGS. 1 to 3.

The I am nate according to the invention is a |lam nate

prodhiéedbyBeatiBg =S Hidrolk-denshsiNprod@EtbHigingd bz 15PREI9%ing and

wiring layer a wiring |ayer connect ed wth the copper
condesigindat/1&i4€ bndl Soriigormd bRt red Fivas GRG0l thidikting RE compounds of
structure of the Tamnate )5 and layersrformng the
thelfoliowing gerref# fomadad (Fpeb 16),ow i n that order. (First
exanple) 9 G 105010PCF- 1333_JR-60018US, EP, SG A
| am nate according to a first exanple is described
below wth reference to FIG 1. FIG1 is a
cr oHSi(@Rcl;i onal vi@w schematically show ng the
| am nate according to the first exanple. As shown in
FIG1, awring layer 20 fornmed of a conductive |ayer
of a 5 copper-containing material is providedin a
whereinsR' TEPRSRANGT 3 mgnPealent olBnicATMm protective |ayer 30
is provided on the wiring | ayer 20. A single-Ilayer
second insulating layer 40 is provided on the
pr o ve |ayer 3 and a hard mask | ayer 50-is
pr o#ﬁ%@éﬁ t he &aond i nsulating | ayer 40, as
requi red. A pol ybenzoxazole resin layer is used as the
protective Iayer 30. The details of the
wh %lr?/ CR5R5QELS il IGISIC ato re L o3 eovgl%ng Qr tz)ueu% I%l‘;:l SR re reseAnts a
1 Ca R OP TARTBY ganT & Rt BRI ErOWP: ) TP
le) A
moﬁgfna%r%gto eg'ﬂ acg‘grn%}ﬁ%nb %%esé@%g&?ﬁ%@%ﬂ%ﬁé&:ﬂ) descri bed
bel ow wi th reference to

Si(OR)s ©)
wherein R® represents a monovalent organic group,
R%(R°0)3.8i-(R%)a-Si(OR Y R (10)

wherein R* to R? individually represent monovaient organic groups, b and ¢ individually
represent integers from O to 2, R® represents an oxygen atom, a phenylene group, or a
group -(CHy),- {wherein n represents an integer from 1 to 6), and d represents O or 1.

In the laminate according to the invention, the hard mask layer may be a layer
including at least one of a silica film and an organic film.

The laminate according to the invention includes the protective layer formed of

- the polybenzoxazole resin layer which covers at least the upper surface of the copper
wiring layver, and the insulating layer provided on the.protective leyer.

Since the
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FIG2. FIG2 is a cross-sectional view schematically

showi ng the lam nate according 15 to the second

exanpl e. The | am nate accordi ;

differs fromthe | am nate aCC%g?@g@%Fﬁﬁé@@rgﬁ%bﬁ}RSG

exanple as to the configuration of the second

insulating layer 40. The difference fromthe | am nate

' U fRr ki A BitiVS iR Hid tanP el Ri¥h Risit
Po@%gl%ﬁlhﬂg EIE%H %zﬁ%tr ﬁséﬁl?mﬁsr ?ngglr}gyér 20 for ne?(ggoz%n "a i@h S
andGPRgY gfasyﬁaﬂsﬁmrteﬂ{)e@tm’;Qi_iﬁmmfmeﬁaﬁtetg. %?Bﬁajrﬁsr the material
. e

is provided in the first insulating |ayer

for RhOcBduct®e 1A2Y Van b rddiEed e aRBEfbBSHbE Ahmitthtd AYRIdifif to the
and the hard ‘mask | ayer 50, as required, are provided

invéttionR8ows ptoVikibRyed lakindt® whitdtin€lodra highlylralidbiéintulating film
according to the second exanple, the second

dud toaubdiictiog il @iyfkiod Of teppboiniEthedhsudatibp Uik ty of |ayers
of different materials. FIG 2 shows the case where
t heA sesduvadudist dedticergcdoadiag td Qhe Snventiow dolmprid& a wiring layer
stacking an insulating |ayer 40a forned of a silica
fored im the ithsalating fayeaof the abapdamit@ie using awhohl dimastens grathiod.
film FIG 2 shows the case where the insulating | ayer
40a adjacent to the wiring layer 20 is a silica film
Note that the invention is not limted 10 G
BRIEFSDESCRIFTHYS OFFHE BRAWENGSP, SG thereto. The
insul ating | ayer 40a may. be an organic _film and the
i nstliGatli #g2 |capas—segbiongayvisey achematicalily| showimgar feminate
exgnple) 5 A lam nate according to a third exanple is
ACHBELPS 1802 Tty SHPPRLSef erence to FTC. 3. FIG 3 is a

cr :sectional view schematically shaowi ng the .

i ichr et R S TR A T L
ac cr(a%dit%gats%ctoh; etxhi rlole exanple differs fromthe

-(?oam hate accor mgaJP% tthe first exanple as to the

Conycgu gt ) Q0,08 S0P 38¢ 0N, Qé%éh@%i&éql | A¥6End 0 1dii%ate
di fterence fromthe Tani nat e accor I ng {othe Tirst
ac@fATR) @0l & 19856 dBRMe.

FIG. 4 is a cross-sectional view schernatically showing a semiconductor device

according to one embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
1. Laminate

The invention is described below in more detail with reference to FIGS. 1 to 3.
The Iafninate according to the invention is a laminate which may be suitably used when
forming on a copper wiring layer a wiring layer connected with the copper

wiring layer using a dual damascene method. The structure of the laminate

~and layers-forming the laminate are described below in that order.

(First example)
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10 below. As shown in FIG 3, the wiring |ayer 20
formed of a conductive |ayer of a copper-containing
material is provided in the fiGRG0LORUFatIz3gIR-BYSISTIDER SG
The protective |ayer 30, the second insulating |ayer
40, and the hard mask | ayer 50, as required, are
provided on the wiring layer 20 in that order. In the
| am hemisa@ecomdinggo tad‘irsm&\mplerisl de¢gcribrd bplow, withecfseenontb FIG.
insulating layer 40 is formed of a plurality of layers

1. iHGt hds gagress-seational vieys s¢hemabiealbye sturvding therprinainate ractomeling to
exanpl e shown in FTC, 3, the second insulating |ayer

the fEst examplened by stacking the insulating | ayer 40a, the

insulating |a 40b,, .and an | nsul ating layer 40c_ in
t hahs gheran in |1ns"hl"‘&‘flil&éa3fea @tga wogugiive layer of a
S|I|caf|IrrB( organic fil ns) n thelnsulatln
COPP%ry@PtaAI@Bgu@af%aldﬁ FEeNided n ﬁ]ﬁ(@frmglrlﬁm%layobl% ang) a mﬂtectwe
| am nat cord| t first to thi
Iayeégﬁr}ﬁ pEded g\"o‘i”é@gl et 39ye SIS Tasehacropt Tawlating layer 40

t | eas

s PF%"EX%E R PRE BR3P o the

seo P FRAREL AR R Pl S %?iam%f BB Yatas e
prof @RI LOD, ! FHREBINTE the Ig)g{,b%ﬁl% 7ol 1EeiR TayTR bt dtrived later.

ormn wrin ayer can reven ed

A siel B & b YaRHIhAub e, us%ﬁ"aﬁ%ée@&ﬁﬂ fifind BYEactD

a result, en applying t | am nate accor
th| s enbodiment to manufacture a sem conduct or
device, a highly reliable sem conductor 11 GL050
(SeddaBexfm ﬁﬁys_\] R- 60018US, EP, SG device can be provided
in which wiring layers are sufficiently insulated. 2.

Laye tanihatemcog dingnio niedeeonthexangye issddsoritvadrigeldw evith reference to
| am nates according to the first to third exanples are
FIG52. deEk i2bed coaslseectional view schematically showing the laminate according
to the second example. The laminate according to the second example differs from the
laminate according to the first example as to the configuration of the second insulating
layer 40. The difference from the laminate according to the first example is described

below.

As shown in FIG. 2, the wiring layer 20 formed of a conductive layer of a
copper-containing material is provided in the first insulating layer 10. The protective
layer 30, the second insulating layer 40, and the hard mask layer 50, as required, are
provided on the wiring layer 20 in that order. In laminate according to the second
example, the second insulating layer 40 is formed of a plurality of layers of different
materials. FIG. 2 shows the case where the second insulating layer 40 is formed by
stacking an insulating layer 40a formed of a silica film and an insulating layer 40b

formed of an organic film. FIG 2 shows the case where the insulating layer 40a

adjacent to the wiring layer 20 is a silica film. Note that the invention is not limited

10
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2.1. Wring layer The wiring |layer 20 has a specific
pattern. As the material for the wiring layer 20, a
known conductive material canGb@ogoPent- 135k JRianongUS, EP.SG
| ayer 20 includes copper. 10 The wiring |ayer 20 need
not be formed of a single netal |ayer, and may have a
stacked structure with a netal nitride |layer or a
theretet alhonisuetiigplayer 40smax heph esganfc file andthagsulagiyge dayer 40b
20, a titaniumnitride layer, a tantalumnitride
may baypetlicadilonmi num an alunminumal loy |ayer, copper, a
copper alloy layer, and the |ike can be given. The
wiring layer is fornmed on a conductive |ayer or an
dnsulating layer. 15 2.2. Protective |ayer The
(Thigdhyeawld)ve | ayer 30 prevents the netal formng the
wiring. layer 20 from being diffused. into_the .
i nSulREMRaLE) arcayding (e gt thitd RRdmpleo g clash below with rpfgrence to
l.ayer ,20. A pol yhenzoxazol e resin | ayer y, be used .
FIG. 25" G pisot ereb oy hevsgehomaBealy B i dampreaccording
resin layer T ol ybenzoxazol e resi,n | ayer .accor di
to e X 1 PG AR tp dfitird EYtapIE HES' B the
-pql yhenz.ox | e~resin Vi r i:n it of 1h .
i OGRS TP U* P28 CoRRRREPP offecsgBipd Bfutacing
Z500. (3 - . IR- . .
tayef0. T Gerchle ok A0 Rilale qbcidink fo HOARL Prarfly 1 seribed
belo@ oups of the following formula (2), Y represents at

east one group selected fromgroups of the follow ng
f opgUhawh3h: FIG 3, the wiring layer 20 formed of a conductive layer of a

copper-containing material is provided in the first insulating layer 10. The protective
layer 30, the second insulating layer 40, and the hard mask layer 50, as required, are
provided on the wiring layer 20 in that order. In the laminate according to the third
example, the second insulating layer 40 is formed of a plurality of layers in the same

manner as in the second example. In the example shown in FIG 3, the second

‘insulating layer 40 is formed by stacking the insulating layer 40a, the insulating layer

40b, and an insulating layer 40c in that order. The insulating layers 40a and 40c are
silica films (or organic films), and the insulating layer 40b is an organic film (or silica
film).

In the laminates according to the first to third examples, the protective layer 30
formed of the polybenzoxazole resin layer is provided on at least the upper surface of
the wiring layer 20. The poljbenzoxazole resin layer exhibits a low relative dielectric
constant, a high density, and a high glass transition temperature. Therefore, the
material forming the wiring layer 20 can be prevented from being diffused into the
second insulating layer 40. As a result, when applying the laminate according to this

embodiment to manufacture a semiconductor device, a highly reliable semiconductor

11
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and n represents an integer from1l to 10,000. 51~ X O
0 O (2) 13 G 105010PC F-1333_JR-60018US, EP, SG 11U\
A (NN 7 (V1N (~XG108010PC_K-8333_WRe061LBUXEP,SG
represents a group selected from groups of the
following formula (4). 14
GLOBOLOPC _F-1333_JR-60018US, EP, SG 0-1 F3 CH3 _SO2_
devieclean-bEprovideddn3viGEB widing-layérs -ard sufficiently insulhtedr ogen
atom on the benzene ring of the groups of the fornulas
(2), (3), and (4) may be replaced with a crosslinking
group, or nmay be replaced with at |east one 5 organic
2. gr bayersfirmangdaminagem al i phatic groups and aromatic
groups and havi n% a ) )
The layers forming the laminates according to the first to third examples are

described below.

2.1.  Wiring layer

The wiring layer 20 has a specific pattern.  As the material for the wiring layer
20, a known conductive material can be given. The wiring layer 20 includes copper.
The wiring layer 20 need not be formed of a single metal layer, énd may have a stacked
structure with a metal nitride layer or a metal oxide layer. As examples of the wiring
layer 20, a titanium nitride layer, a tantalum nitride layer, aluminum, an aluminum alloy
layer, copper, a copper alloy layer, and the like can be given. The wiring layer is

formed on a conductive layer or an insulating layer.

2.2.  Protective layer
The protective layer 30 prevents the metal forming the wiring layer 20 from
being diffused into the insulating layer (not shown) formed over the wiring layer 20. A

polybenzoxazole resin layer may be used as the protective layer 30.

2.2.1. Polybenzoxazole resin layer

The polybenzoxazole resin layer according to the invention is preferably formed

of a polybenzoxazole resin having a repeating unit of the following general formula (1).

PANVAN
C/ X \C-——

Y-
NN

()

12



crosslinking group. As exanples of the aliphatic
groups, a nethyl group, an ethyl group, a propyl
group, an isopropyl group, a GLUBPLIORE AUDPI33AARIGOOBITYEP,SG
group, a t-butyl group, a trinethylsilyl group, a
triethylsilyl group, an adamantyl group, a cycl ohexyl
group, and the like can be given. As exanples of the
aromati c groups, a phenyl group 10 and the |ike can be
given. As exanples of the crosslinking group, groups
wherpiavX mepresentscat Denst ovg Bonpdolgbicd fyum grapps ol dke Hllowing formula
mal ei m de qroup a nadi m de group, a V|nyI roup,
(2), % repyeseaisettienst ane Eroyp sekscted deum £rowpyiof ghéy following formula 3),
car bon- car bon trlple bond such as an ethynyl group, a
and noreRreseres A Heseh frompl toal H@ht hyl et hynyl group, an
ant hryl ethynyl 15 G 105010PC_F- 1333_JR 60018US, EP, SG
group, a quinolylethynyl group, a qui noxal yl et hynyl
group, 3 o oup, and a propargyl ether
group, a b|p ;Iene -up, a cyanato group, and the
i ke can be™ gi‘ve particul ar, groups having a
car bon- car bon trlple bond such as an et hynyl group and
a phenyke gr eup ar espr ef.e bI hi s inproves
t he heat )'3!5 ce O esu
pol ybenzoxazol e resin. The polybenzoxazole reS|n | ayer

according to the invention be fqrmed of resin
havi ng, kﬁtzﬁg Eigiik era
formul a at S te romthe

groups of the fornmula (3) in mhlch a hydrogen atom on
the benzene ring is reolaced with an ethynyl group or

a phenyl pl e resin
| ayer accd e ormed of a
resin has om gr oups
of the fol 16 ~ in the
repeating unlt of the general fornul a . I C. CH C=CH
C CH

2
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W/ AN/ /TN CECH X[ X \ 1\ \ =CHC=CH\ -~
C=CH \C=CH\C=CH \c=CH\ / / 1\ /| GG J(~ 1)/

ETC=CH\ | | / C=CH[. i J~ GLU501CRCH- BB 0CHYSEPSG
16 Gl050 10PC-F- 1333- JR— 60018US,EP, SG c al ¢ a |
\X X, \C=C~1 ~1 I ;1 C=GC=C 0 0 (6) 2.2.2.

Pol ybenzoxazol e 5 The polybenzoxazole used in the
i nvention nay be syntheiézed by reacting a

bi sam no ng di car boxylic acid using
an acid r|d as

3

wherein X represents a group selected from groups of the following formula (4).

14



o

active ester nethod, condensation in the presence of a
dehydrati on condensi ng agent such as pol yphosphoric

acid or dicycl ohexyl carbodi i nxt@010PCt Frd383 WEB:600T8US EP,SG
G1050 10PC _F-1333_JR-60018US, EP, SG Pol ybenzoxazol e
having the repeating unit of the general fornula (1)

may be obtained by reacting.a bisam nophenol conpound
havi ng on¢ g&oup ctad me groups of the

formul a ( orm st represented by X in

the general formula (1) and a dicarboxylic acid
havi ng one group selected fromthe groups of the

forrrula\ m ng /epstru\c repegsefited by Y
in the ggne al fe rm9 b@e@onpound and
t he di cariyoxyl acid ound for—synt I zi ng

pol ybenzoxazol e having the repgating uni EH of the
general formula (1) are descri ed bel owl 0 2 2.2.1.
Bi sani nophendt"conpoufd”As exan'ﬁl es of the

bi sam nophenol conpound, conpouhds cont a| Ni ng

di hydroxybenzene such as 2, 4-di am no-resorcinol and
2, 5-di am ng- dr oxybenzene; bi sam nophenol

compounds i ng di hydr oxy- bi phenyl su%b, as 5

3, 3" -di am nd '-|hydrox biph apd ™%

3, 3' - di hydrox}y - 47 47y di am no\bi/ph \bi Aami nophenol
conmpounds.oty age.di hydr oxy- di phenyl et her such as

3,3 -diam no-4, 4" - dlhydroxy di phenyl ether; conpounds
havi ng a fl uorene skel eton such as

9, 9- bi s(3- am no- 4- hydr oxy- phenyl ) fl uorene and A
9,9-bis(4-(4-z ydr oxy) - phenoxy- phenyl ) f| uor ene;
conmpounds hal apht hal ene skel eton such as

/Z:fy
@)

A hydrogen atom on the benzene ring of the groups of the formulas (2), (3), and

(4) may be replaced with a crosslinking group, or may be replaced with at least one
organic group selected from aliphatic groups and aromatic groups and having a

crosslinking group. As examples of the aliphatic groups, a methyl group, an ethyl

'group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a t-butyl
‘group, a trimethylsilyl group, a triethylsilyl group, an adamantyl group, a cyclohexyl

group, and the like can be given. As examples of the aromatic groups, a phenyl group
and the like can be given. As examples of the crosslinking group, groups having a
carbon-carbon double bond such as a maleimide group, a nadimide group, a vinyl group,
and a cyclopentadienyl group, groups having a carbon-carbon triple bond such as an

ethynyl group, a phenylethynyl group, a naphthylethynyl group, an anthrylethynyl

15



2, 2- bi s- (4- am no- 3- hydr oxy- phenoxy) -1, 1' - bi napht hal ene
;  compounds containing a sul fone group such as
3, 3-di am no- 4, 4' - di hydr oxy- di pieEeybBOIH-0883,_JRE0018US, EP,SG
bi s(4- (4-am no- hydr oxy) - phenoxy- phenyl ) sul f one, and
bi s(4- (4- hydroxy- 3-am no) phenoxy- phenyl ) sul f one; and
conpounds containing fluorine or a fluorinated al kyl
grougraaqinalyiethyagl gréuG akphoneREG:thyn8 FBourRas ekyBUg nEPgro8g, and a
2, 2- bi s(3-am no- 4- hydr oxyphenyl ) hexaf | uor opr opane can
propﬁgy]gathtﬂfrgroﬁlﬂ? @dveplmwbaej SUBID, ARyalno gewg, end thedike Caﬂ be given.
individually or in conbination of two or nore.
In particydas, gOHPO a garbowcanben dripled @t sBghes etbmﬂ &ipsand a
sel ected fromthe _conpounds contalnlng
phenglefhyaybsippp asecpreferatie  cBip HupHRYehE gt resistangs ehthe resulting
skel eton, 5 and the conpounds having a bi naphthal ene
de@%@P%FQWfﬁ$E preferable. This |nproves the heat

f t | t b I
SRS LSS e o

résmﬁ%ﬁf%, Iﬁ? 1ne fﬁ@‘?’f‘ﬁﬁ é]ﬁ@ s g%ﬁ%ﬁj&%@ﬁ*ﬂ; Urlgast fBR eroup
slec oty kg ey A B3 sy 3 P sy bpoene
ﬂng% Eﬁh%%%%lg%&gﬁlgg%g u%or ap%hgrr]lgletl-syngl i s- phenyl et hyn

Yl 1ide fo fr Fﬁ%ﬁg?%m@%e%ﬁ% yer k&'cé(ﬁfﬂlrﬁ% hEO HvefGEPRUPEE formed of a

cont phenyl et hynyl ) - napht hal ene” such as
re31n]ha5irx%' at 1da3t BYEBY sde@sd RORNGRBAYY of the Folkiviing b (3)ad (6)
["ene,
as Yln &e%ﬁeaﬁﬁg bBg 6Ptk pénaadl foRAMRANOXY) - 2, 6- bi sphenyl et hyny
| - napht hal ene) ,
1, 5-bi s- (3- hydroxy-4-am nophenoxy) - 2- phenyl et hynyl naph
t hal ene, and .5

1, 5- bi noxy) - 3- phenyl et hynyl naph
t hal end; bIS ogpounds cont ai ni ng
et hynyl ( ‘hEﬁw uor es@Hsuch as

. No=on”

\@

CECH _CH

—— _
¢ ) CEC_Q
N ¢ Y

&)
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9, 9- bi s- 4- (3- hydr oxy- 4- am nophenoxy) phenyl -2, 7- bi s-eth
ynyI fluorene,

- bi s- 4- (3- hydr oxy- 4- am nopﬁwﬁmW@ﬂém%?r_aRTBObil&USJE’SG
nylethynyl fl uorene,
9, 9- bi s(3-am no- 4- hydroxy-phenyl)-2,7-b|s-ethynyl-fIuo
rene, and ?0
9, 9- bi s(3-am no- 4- hydr oxy- phenyl ) - 2, 7- bi s- phenyl et hyny

| -fluorene; bisaninop enol conpounds cont ai ni ng
ethynyl nyl oenz | /¢ such as
1, 3-bi - hy de 0 dphemnoxy) - 4- et hynyl - benzene,

enoxy) - 4- phenyl et hynyl - ben

1, 3- bIS- drox -a &
zene,
1, 4-bis- (3-~ oxy 1 nop
d 25
s-(3 h roxy 4- an1nop noxy - 3- phenylethynyl ben
zene AfFﬁggirphen : _
et hynyl¢ ethy such as

3,3 d| -4, 4" - di hﬁ‘f' Xy- 2 ph L vy | - enyl
et her, 0018SG
3,3 -di am 4, 4" - di hy _5- pht sy - di phenyl

ether, and 3, 3" -di am 4 4'
- ¢i*hyyd Vi 6- ph\w - di phenyl et her;
' penol oun /\ ont ai ni ng

y) - 3- et hynyl - benzene,

et ynyl (p

| €t hynyl ) -bi EICH h 3
- di am no- 4, di hydr oxy- 2- ‘ L-pd pheqnyl, 5
3,3 -diamn 4" - di hydr oxy a-phe : Ryl - nyI ,

and 3,3 -diamno-4,4

-di hy y- &P -~ | e - bi phen/ st nophenol
conmpoyndg cpnt @ di:

et hyny henyfetygyny _&le one @ as 3,3
-di am no- 4, & dr oxy-6, 6

- di phenyl e@yl henyl sul ‘

3, 3" -di hydr no- dlphenylethynyl di phe

nyl sul f one,
@a D@ QX y - 2 @w@ hyny! - di phe
nyl f one; sam nopheno onpo NJs™\Co ta| ni ng .

ethynyl(phenyFEfffnyl) phe pr §parie éuq\ as

'_I\\ ’jﬂ/ ~ é Cczé

s
-
C=C(, \GEG

J Q

6)

2.2.2. Polybenzoxazole

The .polijenzoxazole used in the invention may be synthesized by reacting a

bisaminophenol compound and a dicarboxylic acid using an acid chloride method, an

“active ester method, condensation in the presence of a dehydration condensing agent

| such as polyphosphoric acid or dicyclohexylcarbodiimide, or the like.

Y



2, 2- bi s- (3- am no- 4- hydr oxy- 6- et hynyl - phenyl ) - pr opane,
2, 2- bi s-(3-am no- 4- hydr oxy- 6- phenyl et hynyl - phenyl ) -pro
pane, G105010PC_F-1333 JR-60018US,EE,SG
2, 2- bi s- ( 3- hydr oxy- 4- am no- 6- phenyl et hynyl - phenyl ) - pro
pane, and 15
2, 2- bi s-(3-am no- 4- hydr oxy- 2- phenyl et hynyl - phenyl ) - pro
paPdybenboxanicnivpientle wpegsimgnatst ob tieagenersd formula (1) may be
et hynyl (phenyl et hynyl ) - phenyl - hexaf | uor opr opane such
obtaiped by reacting a bisaminophenol compound having one group selected from the
2, 2- bi s- (3-am no- 4- hydr oxy- 6- et hynyl - phenyl 2 - hexaf | uor
groupseidhafremula (2) forming the structure represented by X 1n the general formula
2, 2- bi s- (3-am no- 4- hydr oxy- 6- phenyl et hynyl - phen¥lﬁ- hex
(1) apg pudicasbrrofiameid baying one group selected from’thé groups of the formula
1) fingihe ﬁérggg%géﬁé%’@?eda@ 9% ey Sy Phenyl) - hex

B e
poly GSABIHAE, L B Uit (R enbhE ot i kb EaT Sl fharefgerived

belod! MMore bi sam nophenol conpounds containing a 25
%Tosslinking group selected fromthe bisam nophenol
conpounds cont ai ni ng
et hynyl (phenyl et hynyl ) - napht hal ene and t he

i ' I nds cont ai ni ng ‘
Zzz?f%yny|?%ﬂ%ﬁ?ﬁgtﬁyng?)-fluorene are preferable. This
al Qe ipled SShé bRRkinibpheds thAPoli, 6mphiRRRbSSfainPccur
in a three-dlnen3|onap net wor k by heating the
dihy@ekyRapaRxagiohe2 Bafiitinowesireiawl afldne heat resistance of
the resulting pol ybenzoxazol e resin can be further ,
2,5-diamimoviestdihydrokyBenzend) car boxylic acid 5 As exanpl es of
t he di carboxylic acid conpound, phthalic acid such as
bisammoplrnbhtdrnp@mids cortaneyghtimgadroxy-hiphdnyl such as
2-fluoroi sophthalic acid, and _ o )
3,3 -gdiaByigg-6.4{ -diydfdxydriphenybpid hai-dthydeaxy:4.4’-diamino-biphenyl;

bisaminophenol compounds containing dihydroxy-diphenyl ether such as

3,3’ -diamino-4,4’-dihydroxy-diphenyl ether;

compounds having a fluorene skeleton such as

9,9-bis(3-amino-4-hydroxy-pheny})flucrene and
9,9-bis(4-(4-amino-3-hydroxy)-phenoxy-phenyl)fluorene;

compounds having a binaphthalene skeleton such as

. 2,2-bis-{(4-amino-3-hydroxy-phenoxy)-1,1’-binaphthalene;

compounds containing a sulfone group such as

3,3-diamino-4,4’-dihydroxy-diphenylsulfone,

bis(4-(4-amino-hydroxy)-phenoxy-phenyl)sulfone, and
bis(4-(4-hydroxy-3-amino)phenoxy-phenyl)sulfone; and

- compounds containing fluorine or a fluorinated alkyl group such as -

18



0

di carboxylic acids having a bi phenyl skeleton such as
4, 4" - bi phenyl di car boxylic aci d,
3, 4' - bi phenyl di car boxyl i ¢ aciGi05010PC_F-1333_JR-60018US,EP,5G
3, 3' - bi phenyl di carboxylic acid, 10
4,4'-bis(4 car boxyphenoxy) bi phenyl , and
4,4 -bi s car boxyphen ) bi phenyl ; dlcarboxgllc
2,2-bis(3-dmitve: hm@roayﬂwpnbh@taé%@r@mae@ 6#n Bygivems These compounds
1, 4- napt hal enedi carboxylic acid,
may be wsed githerdndivituptn phiaxspmtinaianept tya @r more.
2, 6- napt hal enedi car boxylic acid;  bisbenzoic g0|d %ych

as()ﬂthqsacﬁqmg(@ﬁ 4, BN BEHIOE; lelsggmgphenol compounds selected from the
3,4' -sul fonyl ben oi c ac uI fon%t‘ﬁl sbeﬂzlo
compginds, containing eI hgHeEs s ?aomeowds 3YiBE aBlguge skéleton,

and thg gO%mﬂag&%‘ﬂ%w ﬁ%ﬁ Sbe ﬁ?t'Pﬁ 8%3’6?%{?%%) Thig mpggves the
beat @Slﬁmﬂ?%%éh% g%ﬁ@%é&ﬁ@% %%% g hgin.

35 0o A R B RS PSSP SAANE s Gfinin s,
R TR B SRS s
2 2’—@13@5’—%%&%@-%&3- gﬁf gw B‘Eix-ﬁ%)sr@e ﬁﬁyﬂ«i 11 umbsKiBalene and

2,2 &sﬁsﬂg%& vGRLREGPHERBEN, asff i)l'd%@ﬁ‘ﬁeth%}qﬁlr PoauhpiehaAsicds

havi an adanantane skel et on such

bisandin8plaaaNEdth Ilﬁﬁlﬂdif. Edtiiamyg! dtl@ynyﬁﬁha@ﬂdhynyl) -naphthalene such as
2, 5pd| nmet hyl adamant ane- 1, 3- di car boxyl i c acid,

1,5-bis-B-Byebenylaadasphehand-216-Biscitbprybaxpithdessci d, and

2,5-bi s(t-butyl)adamant ane- 1, 3-di car boxylic aci d, 21 G
1,5-b1OE0HARGkF4-b3RBophRa GO0 15605isBRenyBEhynyl-naphthalene),

bi s- car boxyphenyl -t er phenyl conpounds such as
1,5-bis-@-hyrlrexytd eaniephepdran oxy enprleﬁémﬁh@nbﬂhabn@ and

4,4' - bi s(4-carboxyphenoxy)-mterp hen}x{
1,5-bis- (3-hydroxy-4-am1nophenoxy) 3-phenylethynylnaphthalene;
bisaminophenol compounds containing ethynyl(phenylethynyl)-fluorene such as
9,9-bis-4-(3-hydroxy-4-aminophenoxy)phenyl-2,7-bis-ethynyl-fluorene,
9,9-bis-4-(3-hydroxy-4-aminophenoxy)phenyl-2,7-bis-phenylethynyl-fluorene,
9,9-bis(3-amino-4-hydroxy-phenyl)-2,7-bis-ethynyl-fluorene, and
9,9-bis(3-amino-4-hydroxy-phenyl)-2,7-bis-phenylethynyl-fluorene;

bisaminophenol compounds containing ethynyl(phenylethynyl)-benzene such as

- 1,3-bis-(3-hydroxy-4-aminophenoxy)-4-ethynyl-benzene,

1,3~bis-(3-hydroxy—4-aminophenoxy) -4-phenylethynyl-benzene,
1,4-bis-(3-hydroxy-4-aminophenoxy)-3-ethynyl-benzene, and
1,4-bis-(3-hydroxy-4-aminophenoxy)-3-phenylethynyl-benzene;

‘bisaminophenol compounds containing ethynyl(phenylethynyl)-diphenyl ether such as

3,3’-diamino-4,4’ -dihydroxy-2-phenylethynyl-diphenyl ether,
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13

20

and the |like can be given. These conpounds may be used
either individually or in conbination of two or nore.
5 O these conpounds, one or nore dicarboxylic ggi€ho1s88G
conpounds sel ected from the conmpounds having a
bi sbenzoi c acid skeleton are preferable. This inproves
the adhesion of the polybenzoxazole resin |ayer. As
3, 3’-6?&%]% 23’ Afhyahsydsi- 9ﬁérﬁ‘létﬂirﬂy¢-dﬁﬁﬂeﬂ¥l(éﬂiﬂr,ai_nﬂl ng a
crosslinking group, ethynylphthalic acid such as
3,3’ -Sraglifo-an’ [ityasdxyco-phé letlgmﬂh hylltea) i c acid, .0
-ethynﬁilsgghtﬁgﬁ?clggl 2 g?ﬁynylterephthallc acid,
bisarBGpieno!l fotydunds epitainblg ethyasi@henylethynyl)-biphenyl such as
ethynyl napt hal enedi car boxylic aci ds such as
3,3’ -Biaetiy- 9 -dihydroxypl-phdreteshlymydibipheyyli c acid  and
3-et hynyl - 1, 5- napt hal enedi car boxyl i ¢ aci d;
3,3’ -diaetily-Ap -difiydroyyd-gheasidsioxl-biphasyldarslich as
4,4' -di ethynyl -2, 2' - bi phenyl di carboxylic acid and
3,3°-BiaBlinatidi Whyyitoxa-Gphgiviikynsl-diphanyoxyl i ¢ aci d; .5
bi s( car boxy- et hynyl phenyl ) propane_such_as
bisaraingplirine] corapaundk yorBaiging leehﬂgﬂy}%h)ﬂwb)n@Ph%m&ulfom such as

2, 2-bi s(2- carboxy 4- et hynyl phenyl ) pr opane;
3,3'-Biagfinart YoAhyerary e phehs) sy Kirhes s Wit such as -

3,3 gﬁa&rtg)lxysf-(424’(—:dalerlxgl%)(()-6é glpggrgr et ;neyli]% en))r(lglflilfol{l%r and opane

o SR A

blsaraln%éheélpﬂéq{éﬁw.ﬁlﬁ%ﬁ t%min%? htn&ﬁgb&lg%@féﬂlﬁn&enyl—pmpane such as
2280 ERnfe 2‘%’ ﬁ F%ﬁ?ifgﬁy?fﬂa%@%%
2 2—bg gﬂ eny et er e ph{’l%éhpﬁylalgig ?%D_pg%Pda . ph

2,2-51 -ﬁf(ﬂ% hIa%ﬁﬁ@@-ﬂ]ﬁhjd@tl@ﬁyldpheﬁﬁ)-propane and

phenyl et hiynyl - napt'hal enedi car boxyl'i c aci d such as

2,2-bis-phaniod-hydivky-2.fhedpthiyallesedig-pidpaxyl i ¢ aci d and

blsammophenol compounds containing

ethynyl(phenylethynyl)-phenyl-hexafluoropropane such as

2,2-bis-(3-amino-4-hydroxy-6-ethynyl-phenyl)-hexafluoropropane,
2,2-bis-(3-amino-4-hydroxy-6-phenylethynyl-phenyl)-hexafluoropropane,
2,2-bis-(3-hydroxy-4-amino-6-phenylethynyl-phenyl)-hexafluoropropane, and

- 2,2-bis-(3-amino-4-hydroxy-2-phenylethynyl-phenyl)-hexafluoropropane; and the like

can be given. These compounds may be used either individually or in combination of

~ two or more.

25

Of these compounds, one or more bisaminophenol compounds containing a
crosslinking group selected from the bisaminophenol compounds containing
ethynyl(phenylethynyl)-naphthalene and the bisaminophenol compounds containing

ethynyl(phenylethynyl)-fluorene are preferable. This allows a crosslinking reaction to

20
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25

di phenyl et hynyl - bi phenyl di car boxylic acid such as 22 G

105010PC _F-1333_JR-60018US, EP, SG

3, 3" -di phenyl et hynyl - 2, 2' - bi phenyl di car boxyl i ¢ ami-d00188G

bi s(car boxy- phenyl et hynyl phenyl ) pr opane such as

2, 2- bi s(2- car boxy- 3- phenyl et hynyl phenyl ) pr opane;

bi s( car boxy- phenyl et hynyl phenyl ) hexaf | uor opr opane such
occu@$n Bthree-dimensional network by heating the polybenzoxazole resin, whereby

2, 2- bi s(2-car boxy- 4- phenyl et hynyl phenyl ) hexaf | uor opr op
the leneresistahenyf the golying phbbenaoxhtdlardsin cami b ferthdr improved.

5- (1- phenyl et hynyl - phenoxy) -i sophthalic acid,

5- (2- phenyl et hynyl - phenoxy) -i sopht hal i ¢ aci d,

5- ( 3- phenyl et hynyl - phenoxy) -i sopht hal i ¢ aci d, and
2.2.22 (Dicyphexylicetchd ny| - phenoxy) -t erephthal i ¢ acid; 10

di carboxylic acids having an acetyl ene skeleton in the

nole endneplss ehtheslicarhagbic amdszpmﬁymd,@hﬁxah@ gcid geeh as

4,4 -trans-di carboxylic acid an
isoplghalic aqid derephihali |2rf&u0ralépﬂlth%h%3&ﬂ%@s%9| i c acids

havi ng a blphenylene skel eton such as
2,3,56 }Cca&?‘deoxyl iC aC| d and

dlc@pggg ) e“e RRD R o S dnis SRR BEia,
34 %wiug B %wﬁgac@r?é?zﬁ‘i' it @%ﬁfﬁ%ﬁ@w FC”ELFds“

4,4°- % ﬁg.rgg a’%ﬂ&’ﬂ{j‘% gﬁ% gaglhg%'—bclso(ggc'agnoxyphenoxy)b1pheny1'
dlcaqagte@&y;} &J%QYA PRERAIChe RRBBh sfich £°1,nh Bl RO e

ovvsacros I Ng reactlontoocur

ac1dtf? %E%tﬂblgﬁ&ﬁéaﬁﬂél lic RS2 B haP@aichBlicdBSxylic acid;

nzoxazol e resin, whereby the heat reS|stance of
blsb&ﬁslc 28 SRAWL ulmumiym@memaeides HeshforiMistenzdivatiaer

i mproved. 2.2.2.3. Endcappi ng conpound
3,3’-sulfonylbisbenzoic a01d 4.4’-oxybisbenzoic acid, 3,4’ -oxybisbenzoic acid, and
3,3’-oxybisbenzoic acid;
bis-carboxyphenylpropane(hexafluoropropane) such as
2,2-bis(4-carboxyphenyl)propane, 2,2-bis(3-carboxyphenyl)propane,
2,2-bis(4-carboxyphenylhexafluoropropane, and
2,2-bis(3-carboxyphenyl}hexafluoropropane;

dicarboxylic acids having a fluorene skeleton such as

9,9-bis(4-(4-carboxyphenoxy)phenyl)fluorene,

- 9.9-bis(4-(3-carboxyphenoxy)phenyl) fluorene, 9,9-bis(2-carboxyphenyl)fluorene, and

9,9-bis(3-carboxyphenyl)fluorene;
dicarboxylic acids having an adamantane skeleton such as 1,3-adamantanedicarboxylic

acid, 2,5-dimethy1adamantane—l,3-dicarboxylic acid,

2,5-diphenyladamantane-1,3-dicarboxylic acid, and

- 2,5-bis(t-butyl)adamantane-1,3-dicarboxylic acid,;
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In the invention, in order to inprove the storage
stability of polybenzoxazole and pol ybenzoxazol e
varni sh, an endcappi ng conpouhrh5oayP @ ¢- t3B3sEttc0el STEREP,SG
with the 2?5 termnal of the pol ybenzoxazole resin
when synt hesi zi ng the pol ybenzoxazole resin to endcap
t he pol ybenzoxazol e resin. As exanples of the
bis-cahdxghenyleerpbopd wetipopidsrach ¢s anhydr i des such as
phthalic 23 GL05010PCF-1333 JR-60018US, EP, SG
4.4’ -HsEyarbarey phanosy hprigipheid laad # & dintd-¢ribgayphgnexy)-m-terphenyl;
3- phenyl et hynyl - pht hal i ¢ anhydri de, acid _anhgdrides
and tlgeag]ae ean hepgivers eqrapoumds may be used either individually or in
5- nor bor nene- 2, 3-di car boxyl i ¢ anhydride, aniline
comhigion P d%0 S8BT As ani | i ne, 4-et hynyl anili ne,

S S S s
e SRR ISP eF ARG BRI BB mprons e
et S AR ERERIBRE R R 00 o2 & e L Ly
ComPEI B A B Ao oS4 RaR i,
B AR S855) M 1 i myPiES  no

5-eth Eﬁisiopﬂthﬁﬁ@ac?&’,lt%g’tﬁ%ﬁ kEilit @8idN and RS BYtdrBshiR R acid;

€si stance o e resul ting pol ybenzoxazole ‘resin can

ethyxﬁz?—nhﬁﬁl@ﬁ&ﬁear@a%li@-acﬁ% Sl At-efyfl- RS nNRBAEREAM Kylic acid

resin 15 The pol'ybenzoxazol e resin used in the
and 3-89l L QR-nhpthalbhalicieboR¥icasid ecting a pol ybenzoxazol e
resin precursor, which is obtained fromthe
diethbhdebiphaghicmbosdicpcidrdch aswl4t-ietidingh? Bokiphewyldicidboxylic
compound using a synthesis nethod such as an acid
acid ol B6i-diethymgt-A 24 biphanddicarbexdat aid;net hod, or
condensation in the presence of a dehydration
bis(carboxy-ethynylphenyl)propane such as 2,2-bis(2-carboxy-3-ethynylphenyl)propane
and 2,2-bis(2-carboxy-4-cthynylphenyl)propane;
bis{carboxy-ethynylphenyDhexafluoropropane such as
2,2-bis(2-carboxy-4-ethynylphenyl}hexafluoropropane and
2,2-bis(3-carboxy-5-ethynylphenyhhexafluoropropane;
(ethynyl-phenyl)-phthalic acid such as 5-(1-ethynyl-phenyl)-isophthalic acid and

2-(1-ethynyl-phenyl)-terephthalic acid;

phenylethynylphthalic acid such as 3-phenylethynylphthalic acid,

5-phenylethynylisophthalic acid, 2-phenylethynylterephthalic acid, and

| 3-phenylethynylterephthalic acid;
_phenylethynyl-napthalenedicarboxylic acid such as
- 2-phenylethynyl-1,5-napthalenedicarboxylic acid and

diphenylethynyl-biphenyldicarboxylic acid such as
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condensi ng agent such as pol yphosphoric acid or
di cycl ohexyl carbodii m de, to ao cyclization reaction.
As the nmethod of subjecting t@e0EHIYbeR48%hZBH601888AP,S5G
precursor to cyclization reaction, a nmethod of
heati ng the pol ybenzoxazol e resin precursor at 150 to
450C for 5 mnutes to 24 hours, a nethod of applying
3,3 dipheayletiyeyl-2.3ybiphenyldiearbpaylisasidioxazol e resin
_ _precursor, a nethod_of applying electron beans to the
bis(ggghopyeaniealgyndpheyiDergnaae s#dics, and the |ike can be
given. LS As an_exanpl e of the nethod of producing the
23'?1%@7@@?%@&2’6?“@@@@%%?@&}%%}35 used in the invention
. utilizing.an acid chloride nmethod, the dicarboxylic
bis(caghaxyt G‘i‘i‘éfny]gg%’%?‘% FIIARANCSUCAY and excess

t.hi.onyl ch]oride are react.ed at roomtenperature to
2255 ke heR i xalheoBOPE Do n ¢ he

e P R T B R B G

acidy SRS RS LisBRRBIN &id 11 hexane to obtain
5—(3@8@%%841%?}}%%( Puma e i gy is an acid chloride

icraci d conpound. 5 The

2-(144 éﬁ%é tﬂ?@hiﬂfé TReHHaldisdid;as
( gjhz I s{3-am n%’gg- hy roiyphenyl )propane is dissolved
dicaili%ﬁfii&édi@sf haSlgV@idce sRéletohHiff e MbledulP Widtolsi done or
N, N- di met hyl acet am de. The chl ori de conpound of the

tranﬁﬁi@aibb?ﬁd dcidsaatll acpaunEdios®prylchdidamiB Mg gns-dicarboxylic
reacted with the bi sam nophenol conpound at room
acidi enperature to -30C in the presence of an acid

acceptor such as 10 triethylam ne to obtain a solution
dicadfoxylheaqidd hdvamgokigheleneskelntoprsechuas b2-biptieeylspéditarboxylic

s subljéect ed to reprecipitation in a poor solvent such

acid aad WSt iphenylesedighmpoxyliqustidi isad tpddeeotaa beggvon. prideser sor .

In order to inprove storage stability or the like, the
comppynds mayhei wigd gither individually or in combination of two or more.

Of these compounds, one or more dicarboxylic acids selected from
ethynylphthalic acid, phenylethynylphthalic acid, and (phenylethynyl-phenoxy)-phthalic
acid are preferable. This allows a crosslinking reaction to occur in a three-dimensionat
network by heating the polybenzoxazole resin, whereby the heat resistance of the

resulting polybenzoxazole resin can be further improved.

2.2.2.3. Endcapping compound

In the invention, in order to improve the storage stability of polybenzoxazole
and polybenzoxazole varnish, an endcapping compound may be caused to react wifh the
terminal of the polybenzoxazole resin when synthesizing the polybenzoxazole resin to
endcap the polybenzoxazole resin.

As examples of the endcapping compound, phthalic anhydrides such as phthalic
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endcappi ng conpound may be caused to react with the
termnal of the resulting 15 pol ybenzoxazole resin
precursor to endcap the pol ybehEoteRolR1338sIR-60018US,EP,.SG
precursor. As an exanple of the endcappi ng nmethod for
t he pol ybenzoxazol e used in the invention, the
endcappi ng conpound such as ) i _
anhy8rige deshymhehthalic aniealrislexand Tphemylafryngbphihgliea gehydride, acid
t he solution of the polybenzoxazole resin precursaor,
anhygpdes swell anmaleisantiyddde aghrperbogirgershdicaoryihanhydride,
_.pol ybenzgoxazol e resin precursor at roomtenperature to
anilingcopprunds suchag iaﬂlhalep"me%aﬂ%lila%oﬁ-%thy #1188 whi ch the

L I L R
2 an T SRR B ot A BB b DR e e
ik A, Rl by B8 U BB Byl AR onc
Comlggg%%ﬁwg,?%g &S used in the invention, as required.

of form ng protective film25 G

 n? pfiepe- cpmdohal BRI Bving ) qrpeslifing U, At as o
carbb1BarB8h HOE BHRAL G §c£r§|§ﬁ-@a1ﬂb§ G518 Bbnd SreJirsaribYed Tiis Mows

appropriate organic solvent to " prepare a varnish. The

in the

La cré@inksi %e%cti’cﬂpkb egbchP g &UsdeLdhRndibe HéthbRg YyaweitindO the

am nate according to this enbodinent) to form

- polyBer28RdzoROresihs vitRechGOmki gt pRistode oF B resutiigt polgheisbRole

a spinner, spray coating using a spray coater,
resini dibedmprovedr i nting, roll coating, coating using a

roll er blade, and the |ike can be given. A coating

with a dry thickness of about 5 to 10,000 nm may be

formed by single application. The resulting coating
2.2.3. sPephijation efipelpbanzexdzelettiesin reacti on by heating at

400C for one hour to obtain a protective filmforned

of The polypprgoxasale sesin used in thy Aventin iscahaingd by subjecting a

polybenzoxazole resin precursor, which is obtained from the bisaminophenol compound
and the dicarboxylic acid compound using a synthesis method such as an acid chloride
method, an active ester method, or condensation in the presence of a dehydration
condensing agent such as polyphosphoric acid or dicyclohexylcarbodiimide, to
cyclization reaction. As the method of subjecting the polybenzoxazole resin precursor

to cyclization reaction, a method of heating the polybenzoxazole resin precursor at 150

.. to 450°C for 5 minutes to 24 hours, a method of applying ultraviolet rays to the

polybenzoxazole resin precursor, a method of applying electron beams to the

polybenzoxazole resin precursor, and the like can be given.

As an example of the method of producing the polybenzoxazole resin precursor

used in the invention utilizing an acid chloride method, the dicarboxylic acid compound

- such as isophthalic acid and excess thionyl chloride are reacted at room temperature to
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| 0 As exanpl es of the organic sol vent,
N- et hyl - 2- pyrrol i done, ganma-butyrol act one,
N, N-di met hyl acet ani de, di met hyF10§01TRXIFIR33dIRE0Y1EFREP,SG
gl ycol dinethyl ether, diethylene glycol diethyl
et her, diethylene glycol dibutyl ether, propylene
.al.ycol nmononet hyl ether, dipropylene egcoI nononet hyl
73 étlﬁ ghe Preseaps PEA éatamsywh aﬁé‘g rﬁgtmshylf@rm@rm@c etAftes evaporating
net hyl Iactate h% | actate, butyl lactate, 15
the n%?‘tcﬁﬁﬁl thiomyl biW@ﬁe ljl ng a'éléieat wduged3 seasyiceribe residue is

Al LN T e
o S T 2587575 X7
2 BB GHRI HRRACL 10| D 35
A YT T .
NS R B DU SR | S PERLE R

dlca;?ﬁéﬁﬁtz qeidfch EH@ %;éﬁbxﬁ %1% is ?Qacféiio\?ﬂﬂg%q%gamgpﬁeggl

I"owi ng gener al

m}w@ﬁ&?—%‘téﬁﬁ&aﬂfﬁ RS @@% th& reséfée JFgh 6 a)cg%ﬁgr) suc as

wherein Rl represents a nonoval ent organic gr

trietRAISHiK3)obtain b 8dluvibR HEINE PBIYbERIRERIS Festh Hrebabbe TRE 9Mution
or a nonoval ent organic group, R2 represents a

- is subjertadatb eegrecipyainCinQp@UPsol vdid sEchr RV RSB lobtadmal Nt eger

of 1 or 2. 0 SI(OR3)4 (9)
polybenzoxazole resin precursor.

In order to improve storage stability or the like, the above-mentioned
endcapping compound may be caused to react with the terminal of the resulting
polybenzoxazole resin precursor to endcap the polybenzoxazole resin precursor.

As an example of the endcapping method for the polybenzoxazole used in the
invention, the endcapping compound such as 5-norbornene-2,3-dicarboxylic anhydride
is added to the solution of the polybenzoxazole resin precursor obtained as described
above, and reacted with the polybenzoxazole resin precursor at room temperature to
150°C to obtain a polybenzoxazole resin of which the terminal is endcapped.

The polybenzoxazole resin precursor may also be obtained by reacting an active
ester compound of the dicarboxylic acid compound with the bisaminophenol compound
instead of the acid chloride compound.

Additives such as é surfactant and a coupling agent may be added to the

polybenzoxazole used in the invention, as required.

2.2.4. Method of forming protective film
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wherein R3 represents a nonoval ent organi c group.

Rob( RSO) 3-bSi - (R8)d-Si (OR6) 3-cR7c (10) 5 wherein R4

to R7 individually represent GbHsMaPent- 1833 dRiG018US EPSG

groups, b and c individually represent integers from

0 to 2, R3 represents an oxygen atom a phenyl ene

group, or a_  group -(CH2)n (wherein n represents an

i nireger inventigny. the pefectiygdilm isefprusgd ms fohowy. Hormgyample, the

filmform ng conposition f?r the silica filmis,
Polybrizexazede) redn RECCursE 1s) @syalyes, f1hag; PRPIOIIIASS I8N sphent to

the silica filmaccording to th%@isenbo I ment iPcI u%s.
prepare hyamiily silhecomigh Satprivd gp cutristrats: W, wirng, layer 20-in the

o Y S SR ERB O Toeh SRS SR g methon,
. the.general fornul a %’72 éi.fqhereni naft er %atlgl en%rﬁe%)lgx?ourri]xgtin
spin-FOSHTE VSRR 3 oAPCr PrHeC NG Maoer D SHAY SORSH prifting,
h i naf . call ! ), f.. .

o RGBS ) G EPEPRLTEG ik s UBR DA, gl o

II- r o . -
o PipeBOly BGUT IR0 B BE Bl L P Gl htpiop, ho
| b2 §PESBRLHARARIntyHeafth € at ARSCTHOSHEE hour ¢

res“%@?%v%ﬂ%?%fgo@?opé?ﬁ- 1333 JR 60018US, EP, ' SG ourte
obtaf SprbtebtivORITR skt of ApoBHanRIxasole testBIEBLM AN,

organi c group representéd by RL in the general

f onRekampiEs of 8 orgdnid solvedyIN-nddthyarypyreslidepe, an al | y]

group, a glycidyl group, and the like 5 can be given.
gamma-HubgoBetge AN, N-ainmaihvdadefamid &l diimsthyt sflfaxidel, iethylene glycol

nonoval ent organic group, and particularly preferably
dimeihyl zthey) digthglepe glycal dithylydthayy diethylefs ghxcahgibetyl ethet, he

al kyl group, a nethyl group, an ethyl group, a propyl
propylena glycal mongmetyybather, dipbpyleae ghicel wanobethylgthernpropilene

al kyl group greferably has 1 to 5 carbon atonms. These
glycel monomethpiaiherggetate, methyl lactate, ethyl lactate, butyl lactate,

- methyl-1,3-butylene glycol acetate, 1,3-butylene glycol-3-monomethyl ether, methyl

pyruvate, ethyl pyruvate, methyl-3-methoxypropionate, cyclohexanone, and the like can
be given. These organic solvents may be used either individually or in combination of

{wo or more.

2.3.  Second insulating layer

2.3.1. Silica film
The silica film, which is one of the insulating layers forming the second
insulating layer, is formed using a film-forming composition including a

hydrolysis-condensation product obtained by hydrolyzing and condensing at least one

' compound selected from the group consisting of compounds of the following general

formulas (7) to (10).
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be either linear or branched, in which a hydrogen atom
may be replaced with a fluorine O atomor the |ike. As
exanpl es of the aryl group i GIOHBOPENETISBS LV RNIGUSAL.SG
a phenyl group, a naphthyl group, a nethyl phenyl
group, an ethyl phenyl group, a chlorophenyl group, a
bronnphenyl group, a fluorophenyl group, and the |ike
caISiHeRYs ven. As (@pecific exanpl es of the conpound 7,
conpounds di sclosed in JP-A-2001-354904 can be given.
.5 As conmpounds particularly preferable as the
conpound 7, trimethoxysilane, triethoxysilane,

wherqip R’ Acpyessptha/@pneyuent Preppedsihoxysi | ane,
tri-n-butoxysilane, tri-sec-butoxysilane,
tri-tert- butoxysilane, tri phenoxysil ane, and the |ike
can be %lven (g 1.2. Conpound 8 !0 As exanpl es of

S Yal ent or@hni c groups represented by R and R2

inthe general formula (8), the organic groups given
as exanples for the general fornmula (5) can be given.

wherF ERESAME, TR SoBLt R RAVREHP o IR s
oo ERE RIS IR B PRSI PR 11, oo ©

nethyltri-n-propoxy3|Iane
met hyl tri-iso-propoxysilane, ethyltrimnmethoxysilane,
etngl)kﬁ et hoxysi l@pe, 28 JR-60018SG
vinyl tri met hoxysil ane, vinyltriethoxysilane,

phenyl tri nmet hoxysi | ane, phenyltriethoxysil ane,

di met hyl di net hoxysi | ane, di net hyl di et hoxysi | ane,
wher&ine hepididied dawysvdlanergadicstrbyp.di et hoxysi | ane,

di vi nyl di met hoxysi | ane, di vi nyl di et hoxysi | ane,

di phenyl di net hoxysi | ane, di phenyl di et hoxysi | ane, and

the like

R%(R°0)5581-(R%)4-SI(OR%)3R . (10)

wherein R* to R” individually represent monovalent organic groups, b and ¢ individually
represent integers from O to 2, R® represents an oxygen atom, a phenylene group, or a
group ~(CHy),- (wherein n represents an integer from 1 to 6), and d represents O or 1.
The film-forming composition for the silica film is described below. The
film-forming composition for the silica film according to this embodiment includes a
hydrolysis-condensation product obtained by hydrolyzing and condensing at least one
compound selected from the group consisting of a compound of the general formula (7)
(hereinafter called “compound 7”), a compound of the general formula (8) (hereinafter

called “compound 8”), a compound of the general formula (9) (hereinafter called

“compound 9”), and a compound of the general formula (10) (heremafter called

“compound 10”). The compounds for forming the film-forming composition are

described below.
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5

5 can be given. 2.3.1.3. Conmpound 9 As exanpl es of
t he nonoval ent organic group represented by R3 in the
general formula (9), the ordafiEe gl 3gi A0ASUS EP,SG
exanpl es for the general formula (5) can be 10 given.
As specific exanples of the conpound 9, conpounds
di scl osed in JP-A-2001-354904 can be given. As
conmpounds preferable as the conpound 9,
t et ranet hoxysi |l ane, tetraethoxysil ane,
2.3.1tleCompaurd dpoxysi | ane, tetra-i so-propoxysil ane,
tetra-n-butoxysilane, 15 teIra-sec-butoxg i 1 ane,
t ed§ axanples Bk s menayalepk PIEARIK SHO SPresRue Bid<t Rabe igggeral
can_be given. O these, tetr t hoxysi | ane .and .
formpla7 hap RUSH) 879Rnen HRLEISRPY R AL Eryi, A G EE0uP, #R dhe Tike
conpounds .may be. used. ej .individually or in .
can e ibnadh O Brenpranl ghat! is prefessbly'S oo Biagniseroup,
As.e | e th noval ent, organi ¢ gr,ups
and GRSy 1 ETREONR of RS EMG 78 Rimgics pgyhe at

oo P 5. S5 g TR TPl cn

B R
be ei ?“R+a§%r ?{‘a th&, %P%R:ﬂrﬂjh};’cﬂoéeﬂ M GRay B teplacBE wABNENBdrine
ormul'a 1& i $ an oxygen atom

tomPHREBLBOX Xl eRdthSI¥@BLth 0% dheSpdrRted T6imula (7), a phenyl
aoml, 1, 3, 3-tetr§rret%loxy- 1,32?35?%2tgy| di sflgl oxane, 29(Cg pheny

o 3430 3T AR BAGED, s8St .« orpent
group, a bromophenyl group, a fluorophenyl group, and the like can be given.

As specific ecxamples of the compound 7, compounds disclosed in
JP-A-2001-354504 can be given.

As compounds particularly preferable as the compound 7, trimethoxysilane,

triethoxysilane, tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane,

tri-sec-butoxysilane, tri-tert-butoxysilane, triphenoxysilane, and the like can be given.

2.3.1.2. Compound 8

As examples of the monovalent organic gfoups represented by R and R? in the
general formula (8), the organic groups given as examples for the general formula (5)
can be given.
_ As specific examples of the compound 8, compounds disclosed in

JP-A-2001-354904 can be given.

As compounds particularly preferable as the compound 8,

‘methyltrimethoxysilane, methyltriethoxysilane, methyltri-n-propoxysilane,

methyltri-iso-propoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
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, 3-tetranmet hoxy-1, 3-di penyl di si | oxane,
i met hoxy- 1, 1,3, 3-tetranethyl di sil oxane,
i ethoxy- 1, 1,3, 3-tetranethyl disil oxane, JR-600185G
, i met hoxy-1, 1, 3, 3-tetrapenyl di si | oxane,
1, 3-di ethoxy-1, 1, 3, 3-tetrapehyl di sil oxane, and the
. lLike can be given. As preferable exanples of the
vinysimpeherysilanenminyHriegthoxysiland @hepsiteiathdxysidanea  (10) ,
hexanet hoxydi si | ane, hexaet hoxydi si | ane i
phenyliriehexysigine adimettyidimethoxgsitanedimethyidiethaxysilane,
tetraet hoxy-1, 2-di_net hyl di sil ane,

dietﬁi/@itéejtﬁéﬁyal%@iew 'éti_l,mzys&a% siyjnddimathgwysilane,

.1, 2-dj ) -1.1,2 2- hyl di sj |. .. )

dlv%y]%;e%%lcgn%t OXY 1p&enz%d2mpé1%fxr %r 1meégid££§xysﬂane, and the like
%, 2: di met hoxy-1, 1, 2, 2-tetraphenyl di si | ane,

can pe 8iV¢fet hoxy- 1, 1, 2, 2-t et raphenyi di sil ane, and the |ike
can be given. As preferable exanples of the conpound
in which R8 in the general formula (10) is the group

i s(trinmethoxysilyl)nethane,
23‘%)’?’??@’?8‘%1}1%(ygi lyl) met hZ\ne, v
i %ﬁ_%%x?ﬁp?ésr@{tﬂg Hoﬁb%’l%ﬁetﬁ{gﬁg@ group represented by R? in the general

1,1,3
1, 3-d
1, 3-d
1, 3-d

_ I et hoxysi'l _ _
o 0 TOBOUTE LS ) oSN B3 PR con o

giveh: (di met hoxynet hyl silyl)-2-(trimethoxysilyl)ethane,
1- (di et hoxynet hyl silyl)-2-(triethoxysilyl)ethane,
bi ¥(sdi dpetiffiex \exeinplek S iof y kjereédbdRind 9, compounds disclosed in
bi s(di et hoxynet hyl si | yl) net hane,
JP-A-200 bB3S494roah bexjvert hyl si | yl ) et hane,
-1, 2-bi s(di et hoxynet hyl si |l yl') et hane,
1, ZAsmiog(ponndsgirbfexapde dsythy bempemnel 9, tetramethoxysilane,
1,2-bis(triethoxysilyl)benzene,
tetragthexpiikepe, et nipospexy sijanp Hetiz-dsgepropoxysilane, tetra-n-butoxysilane,
1, 3-bis(triethoxysilyl)benzene, . )
tetrals,eg:bgp(g(gﬁlﬂqnﬁe@;{@,*@g;qxw 1}@§ﬁg@a@enoxysﬁane, and the like can be
nzene, and the |ike

. 1,4-his(trieth ilyl)b b
Eivef R e FHETROREIARS TROTE LG 0 Ar I preferable.

Thef!enc%lfﬁlplogll’lil&lsl [|1le 66 used ecl:tﬁglp ihﬁ%tldu%ﬁy 8I‘ in combination of two or more.

2.3.1.4. Compound 10

As examples of the monovalent organic groups represented by R* to R7 in the

~general formula (10), the organic groups given as examples for the general formula (. 7)

~ can be given.

As specific examples of the compound 10, compounds disclosed in

JP-A-2001-354904 can be given.

As preferable examples of the compound 10 in which R® in the general formula

- (10) is an oxygen atom, hexamethoxydisiloxane, hexaethoxydisiloxane,

1,1,3,3-tetramethoxy-1,3-dimethyldisiloxane,
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two or nore. 30 G 105010PC_F-1333_JR-60018US, EP, SG
2.3.1.5. Preparation of filmform ng conposition The
filmformng conposition forGIHHE1EPC k3355 JRi60§18US,EFSG
prepared by hydrolyzing and condensing at |east one
conpound selected fromthe group consisting of the
nmpounds 7 to 10. It is preferable to use a catal yst
1,1ﬁﬁﬂﬂtﬁaﬁQOWélﬁoth@l‘Hﬁ@Xé‘B%densat| on. As 5 exanpl es of

the catalys a_ met chel at e conpound, an organic
1,13, %Fﬁt@meﬁ}ﬁ’xyﬂ&é&li@&yl‘i’éﬂ?f‘anean organi ¢ base, and an

As i fi | f
1,3-dignggho | Rl > ST AU ERDOENG, ot al ohel at e compounds
JP- A 1- 335748 b As
1,3- d‘%thsc fi?d%%ergﬁam?ﬂa’}(g‘%‘gqx@ M%ci d, fﬁg fgl ?Iovvmeﬂg conpounds
. f th d | ud
13-aife@fhorg e d ey BiRIC ety bﬁt anoic acid. . pent anci ¢
13-l RS20k Bn T dlsudXERE ARE'E Oxa n HRGhAOT € act d.

canol ¢ aC| mal ei ¢

25 fres DU R R0 L 1 hfhoofl BY (i o 5 fAfeh eraPfRrfiula

I C acCl utyric acl ItIC acl arac oni C

(10), &Slh ethSRYdidifin€, &%h&hm%dfsﬁlaﬂé hexanm c acid, oleic

, stearic acid, [1'nolic acid, Ilnolelc aci d,
1,1,2 @?étﬂaﬁiétﬂoﬁchz @méiﬁﬂ&fan@n@q §(e) 2wetadam?qn;ailﬁetﬁy1aﬁu&ae
p-tol uenesulfoni c acid, benzenesulfonic acid,
1,1,2 I%ﬁ@ﬁféktﬁik?qCEﬂipheﬂﬂdﬁﬂanegﬂ chdiafetaetl, I:2,&thdamethyld1sﬂane
trichloroacetic acid, trifluoroacetic acid, formc
1,2-diabbgy-1/18, thn&a:l’n}ddlsllzﬁﬂl 1.8rlimethokg-1, ]phtzhairapdlemyidmxlane
fumaric acid, citric acid, tartaric acid, and the
' 1,2—d1bnhbmy—1ASZ,2-mtmp1aé15&dlsﬂaanw1d| the hgammbeagwd) hydrochl ori c
acid, nitric acid, sulfuric acid, drof luoric acid,
ph@@pﬂfwblc caxsingles g thetcomponnd lﬂcﬁhlcbil gn thergenerahfprmula
exanpl es of the organic base, the foll ow ng_conpounds

(10) 1%@1@ gﬂéng(QIéﬁn » bisaimsthozysiyl )tmf‘éh@eglalﬁ(teetbawﬂwhme@aee
1,2-bis nmethoxys:lyﬁtrat%glllee 1, ZDln (Ff‘x[leat (I)}gy%}lyl%ltﬁar\%,l di ne,

1-(dimethoxymethylsilyl)-1-(trimethoxysilyl)methane,
1-(diethoxymethylsilyl)-1-(triethoxysilyl)methane,
1-(dimethoxymethylsilyl)-2-(trimethoxysilyl)ethane,
1-(diethoxymethylsilyl)-2-(triethoxysilyl)ethane, bis(dimethoxymethylsilyl)methane,
bis(diethoxymethylsilyl)methane, 1,2-bis(dimethoxymethylsilyl)ethane,
1,2-bis(diethoxymethylsilyl)ethane, 1,2-bis(trimethoxysilyl)benzene,
1,2-bis(tricthoxysilyl)benzene, 1,3-bis(trimethoxysilyl)benzene,
1,3~bis(triethoxysilYl)benzehe, 1,4-bis(trimethoxysilyl)benzene,

© 1,4-bis(tricthoxysityl)benzene, and the like can be given.

The compounds 7 to 10 may be used either individually or in combination of

-two or more.
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pi peridine, picoline, trinmethylamne, triethylam ne,
nonoet hanol am ne, di et hanol am ne,
di met hyl nonoet hanol ami ne, noROIRES HAGF3RANS 6RA1EES. EF.SG
tri et hanol am ne, diazabi cycl ooct ane,
di azabi cycl ononane, di azabi cycl oundecene,
t et ranmet hyl anmoni um ! 5 hydr oxi de, urea, creatinine,

2.3.1 3nBreppratipp REAISOrEliBgEIBROSHION he | nor gani ¢ base,

anmonj a, odi um hyd i de, t [ hyd [ ;

e N e

e. given. 31 G 1050]10PC F- 1333,JR-60018US, EP,.SG O
condgnspget iesﬁfatr%ocog}mpﬂ seleqred Tropmeths SR SAgSIRE Of the Compounds

7 to SpORHS RGeS hAPRE e D BT SRL L A B s
examgles %ﬁﬁfeﬁa‘%ﬁ%ﬁﬁﬁﬁl Engl tontiipltyee el FRAT ifflfic acia
"oyt C | ’ . .

an or%%éc G abr R PR AR P 21 ol auring.
DAL B o ARRECIRO R SR TGRS SR B pounc
discléc}ggg;b%ﬂﬁ@zmtﬁﬁ% chSbdiSi9n i N an amount of usually
. 1to 0.5 nol, and preferably 0.00001 to 0.1 nol

f 0ks ORGP ofFhe ofghfic hldaihe FoMMRIng RbripbihdIcan B8 givéal to
3, 5, 6) in the conpounds 1 to 4. The nol ecul ar

e litipl&y oft the ofniteasdineideratedc adidf frepioaitnmid) dutanoic acid,
selected fromthe 10 conpounds 1 to 4 is usually 500
pentdn6ic3adid)heRBfhic pcif hepimoic 40id, botaRoid Geid) Mdnamid asitlj fécanoic

nore preferably about 1000 to 1,000,000. In the
acid, foixhlie 4cid,nhalgiceoilp axiltylmalohwracidedipid agd, sebdas awid.gallrnarid,
to the invention, the hydrolysis-condensation product
butyrif adifhemelitic e, larashideniensith shikimifi x| 2rethylexanoic acid, oleic
_dispersed in an organic solvent. 15 As exanp]es of the .
acid, stegein reidslinalisracid, Hipolpissid, salicydi agidn benggiceicide 8-ampigpbenzoic
..the group . _caonsistjng of al cghql solyents, tone . .
acid,s opylpenssulivhitie a5k, v HNEONCERRANC s Albnt g{on%ﬁoroacetlc acid,

dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, formic acid, malonic acid,
sulfonic acid, phthalic acid, fumaric acid, citric acid, tartaric acid, and the like. As
examples of the inorganic acid, hydrochloric acid, nitric acid, sulfuric acid, hydrofluoric
acid, phosphoric acid, and the like can be given.
As examples of the organic base, the following compounds can be given.
Examples of the organic base include pyridine, pyrrole, piperazine, pyrrolidine,

piperidine, picoline, trimethylamine, tricthylamine, monoethanolamine, diethanolamine,

* dimethylmonoethanolamine, monomethyldiethanolamine, triethanolamine,

diazabicyclooctane, diazabicyclononane, diazabicycloundecene, tetramethylammonium

“hydroxide, urea, creatinine, and the like. As examples of the inorganic base, ammonia,

sodium hydroxide, potassium hydroxide, barium hydroxide, calcium hydroxide, and the

like can be given. -
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nonprotic solvents can be given. As exanples of these

sol vents, al cohol solvents, ketone solvents, am de

sol vents, ester solvents, andGHOAPHRG F-BEBWENEG018US,EP,SG
di scl osed in JP-A-2002-20689 can be given. The

al cohol solvent is preferable as the organic 20

solvent. The filmform ng conposition according to the

i n\%fhe@% Aystsurthpanetphchelde comppivderihe osganic asid, and the

colloid silica, col]ojdal alumna, a surfactant, and
moréa%lFlaﬁ}@eafecBGfﬂ“}% Wit the opganic acid lping s @referable.  As the
g silica filmA nethod of formng the silica

oy A 5 3RS A1 h sl 16, rnfﬂ@c rASith A gmalopicnicid) ape particularly
fSIbiéi Imlnchudes g %the bovefllmformn?
pre1giabiey o ShhqnapEg-L el%fg%m he catalyg prespitationsed gefasion of
BRSBTSt o
As .th hod
ek A T T
amRECE QN0 00001 604 St e A0 gl o
the PothParha@il ofnﬁ“d)égfrﬁ‘ﬁ%sa et 1bYs, S4 f@bou?ﬁ%&{i@&d gg(}o?dqg, A The

coating with hi'ckness’o

moleéﬂaﬁbw € chbph d@&{& RsabP bk 109 he T, SeciR 1 i
dri ed bygﬂheatl r?g at easbout 60 to GOSC&fﬁ% out the

com%éﬁhdsm BB S usklly S00P3,600,660, frefehady 700 t@@tdmdaooa and still
be

ot plate, an oven, a furnace, or the Iike may

mort pederaflyabowtatidion go mmoneoheat ed in air, nitrogen, or
argon, under vacuum or under reduced pressure in

while lthet fibm-dorygeg compositidn ditr tho silicaciiled nedordiflg td\t@ninvention,
curing the coating, the coating is heated at
the pydobysistiopdasation 95010t afidhstabble siue cpmpberdail Yisdded or
to 420C in an inert atnosphere or under reduced
dispprsed i\ aneorgaie saluenti ng

As examples of the organic solvent, at least one solvent selected from the group
consisting of alcohol solvents, ketone solvents, amide solvents, ester solvents, and
nonprotic solvents can be given. As examples of these solvents, alcohol solvents,
ketone solvents, amide solvents, ester solvents, and nonprotic solvents disclosed in
JP-A-2002-20689 can be given. The alcohol solvent is preferable as the organic
solvent. |

The film-forming composition according to the invention may further include

components such as colloidal silica, colloidal alumina, a surfactant, and a silane

coupling agent.
2.3.1.6. Method of forming silica film

A method of forming the silica film is described below.

The method of forming the silica film includes applying the above film-forming
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may al so be formed by applying el ectron beans or

ultraviolet rays. In this case, the drying tine can

be reduced. 2.3.2. O ganic f{GLos0HECOFdass dRfaoonsUS@EP,SG

as one of the layers formng the second insulating

| ayer is preferably an organic filmwith a relative

dielectric constant of 3 or less. Awiring delay can
comppsition do ce dultpirates (prgteaiive dayer aiQ ny theylemingta laceording to this

relative dielectric constant of 3 or |ess, whereby
embodimentip endibrymgsheetppbieth compositipeasas thermsthodgefnipplying rthe

is formed of a resin such as pol ybenzoxazol e,
compgﬁ;ql%rtwtgﬁesubstpztgq:,ygpm ERENS ﬁmpma@(ﬁoymﬁg dsingop roller blade,

yam de. gartl cul ar, polybenzoxazole is

SPIaY}é‘Ee?@r‘BB Mée S%Fé 8ivPRs AsRpdnerERRdTy t@ehyﬁ%ﬁf abayt é o 1500

nsit lass transjtio erature
nm 13& %pg g’@ q%g a pealing w n@gcamieﬁs of about 10 to
2000 191752, JP A-11- 228674,

3000 B@IQOI%:?%O ggg’gublgﬁgp GREOR ke can be given. Additives
h f
¢ 458 Bk BY AR mBRG Rea 8ol BRRREGTRY aBSuaf k240
rmnuteé fg} e)?amﬂ’k? (rqnuArrEa ﬁﬂzbhe-mﬁ %eﬁf‘ tarljlo‘i p‘fﬁ@sz{n?g%eno; fhlt}l% e the

organic ere

like nﬁg'rb% & e Tﬁéti?ggh’% Q?leﬁt%ﬂ% hit, q-utr %%égf&@?ﬁ' u‘ﬁt:ler vacuum,

tTO uci ng t I'S not art

or unf& re@ﬁéﬁ&pf)l%ssu?e BQr\@ﬂﬁf‘ tHEb ncﬁﬁcg’lﬁrﬂioﬁeig doﬁtrl’ﬁﬁ'étfh When
coating 5 formed in a state in which porogens as

curing A B&tRgS giér Eutink &s HeaRAr feprefetablPS0f td A50°@N Gind GHIY more
t he porogens are renoved by utilizing energy such as

preferabigt200 @o # P0°CAM Wé EndiDitaspiise ofualsp kalacal prestiule. a The coating
met hod, net hods di sclosed in JP-A-5-205526,

may al$o be REfBd DY 1plying Pledirdh) O2arh6 64 4Rraviviel e |In kkisaase, the
be gi ven.

drying time can be reduced.

2.3.2. Organic film

The organic film used as one of the layers forming the second insulating layer is
preferably an organic film with a relative diclectric constant of 3 or less. A wiring
delay can be reduced by using an insulating layer with a relative dielectric constant of 3
or less, whereby the operation speed can be increased.

The organic film is formed of a resin such as polybenzoxazole, polyarylene,
polyarylene ether, polyimide, or polyamide. In particular, polybenzoxazole is
preferable due to its low dielectric constant, high density, and high glass transition

temperature.

As examples of these resins, resins disclosed in JP-A-5-205526,
JP-A-2000-191752, JP-A-11-228674, JP-A-11-349683, and the like can be given.

Additives such as a surfactant and a coupling agent may be added to the organic
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0 2.4. Hard mask |layer As the hard mask | ayer 50, at
| east one of a silica filmand an organic filmnma
used. The above-described si I@H@Dﬂ‘i’ﬁ’f?nf‘ahiﬁ%g%éﬁﬂk&ﬁ ERSG
may be used as the hard mask |ayer 50. .5 3.
Sem conductor device A sem conductor device in which a
wiring layer is formed in the second insulating |ayer
film, 48 rfiehe” | ami nate described in "1. Laminate" usi ng a
scene d is described, below FIG 4 |
cr Bhe, SEERR R Rstalt oh e paie i T &1 ?Fﬁdal)y using 3 film in

whickzocsaith E‘fﬁfw’gﬁ%: o frg%lf}fehm ?:sﬂ*;etg%ﬁ 8k 80135 rIﬁfg bprgg is not
partipfiey Gefefic “Bhrin i o Bodl ST R bEiehysB i Wiy b Boating
is fo%n%om. a”%}% nin kxﬁ]x‘i:c!h 1%88%&:11{3 s thé é Ire. spﬁrlée %}(Jt (?ig?ér@ﬁeﬁll tI](cQ ﬁﬂﬂdand
only %egé(ﬁ%én\é ?u'é L%KE)"vec’l3 gygﬂggﬁg i rg&lgﬁcl”pﬁ’é &Fﬂjzﬁﬁﬁélgée res As

ayer is prov W ring |ayer

exaugﬁ GO0 such %U*r@moag niemeag ﬁ%lés%d A 9PLA8thBR2% hip- A—2000 31137,
. 40

otective layer e second insulating |ayer
JP-ALZi}cfzormwb Wdﬂ{ﬁ% & Helgydnnsul ating | ayers 40a, 40b,
and 40c in that order. The insulating |ayers 40a and
40c may be insulating layers forned of the sane
material. A silica filmor an organic filmis used as
2.4. t hHaidngaskdiyeng | ayers 34 G
105010PC_F-1333_JR-60018US, EP, SG 40a and 40c, for
exAsyechard sk iyet 80, atdedsayer oflDkilito filre dind fan argatie filmimay
differing fromthe materials for the insulating
be ujedy e The 4baveadetcdbed siticpdidwmi ahsldongeninddm mag bellrssdlaatthm gard
| ayers 40a and 40c. A silica filmor an organic film

- maskdayers®. used as the material for the insulating |ayer

40b. 5 A via opening 62 is forned in insulating |ayers
40a and 40b. A wiring opening

3. Semiconductor device

A semiconductor device in which a wiring layer is formed in the second
insulating layer 40 of the laminate described in “1. Laminate” using a dual damascene
method is described below. FIG. 4 is a cross-sectional view schematically showing a
semiconductor device according to this embodiment. This embodiment illustrates an
example using the laminate according to the third example.

As shown in FIG 4, the semiconductor device according to this embodiment
includes the first insulating layer 10 and the wiring layer 20 with a specific pattern.
The protective layer 30 formed of the polybenzoxazole resin layer is provided on the
wiring layer 20. The second insulating layer 40 is provided on the protective layer 30.
The second insulating layer 40 is formed by stacking the insulating layers 40a, 40b, and

40c in that order. The insulating layers 40a and 40c may be insulating layers formed

‘of the same material. A silica film or an organic film is used as the insulating layers
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66 continuous with the via opening 62 is forned in the

insulating |layer 40c. Avia |layer 64 and a wiring

| ayer 68 are provi ded which aGéOSQiﬂH@dFD%&aHBVﬁU@iI&@S@PSG

conductive layer in the via opening 62 and the wring

opening 66. The wiring layer 20 and the wring |ayer

68 are electrically connected through the via | ayer .
40a gad 490 fon %ﬁ@ﬂ}ﬂ igsgtingolpyer 4Plbiaimeg eha material differing

sem conduct glgw ce shown in FIG 4 is described

Orrbéhf-‘owate(nf s otpenlpgng-layerss 40p pad\#9q figproygdsd bgween the

W .t h att is.formed in th firs
insulafing II%PFSn 4 é?fgf‘&'io X?‘ﬂ&f’v\fﬂl"? 03] aPa‘if%‘i‘m%%ﬂﬁnsmf% egas the
rial .cont |n| copper. The wiring layer 20 nmay
mateﬁ’éip?% syfagt wn nethod. The protective |ayer

i A SRl 82&?5 %‘%j iy R PR ol 6@6‘?2@841“%% Spging
o6 BuflolbSACR 8 SpE AR o B Bl DE R FARHH TnbPYBL R vi

1ayel{ 3| (f %ﬂh{gﬂsgﬁ'ﬁ%‘lﬁé b 0%11&:1%13@? at¥ ot Ah IB I%I;Zld%gg Qggncfiuctive

I rst atlng ayer oforma atin

layeCHf ehegmi Bg ggtsmqa HOGi968 8 &ﬁn 6. T1fe wéﬁﬁg ia% O%nd the

conposi ti d the curingt eat nt are descri

wmnglager o8 26 Brebirié8lly shnedie Ehrouél?%e%a?m dins U| at ' n g
I"ayer 40, in which a dual danmascene structure is

f o nEkampleSofd fiethdachfIBrhing the SdmiebhdiRtdrateice 3Rowh fin FIG. 4
t he rranuFacturl ng met hod according to this enbodi nent

is dessibed belvav. | am nate according to the third exanple, the
second insulating layer 40 is forned by stacking the

(1) i ndwulshewman Fiy Y, tiDwiring lapet 2F with si dpecific fpattem it ieniéd in the
insul ating |ayer 40b formed of an organic film and

first insglating layer ihg Theeiringdeydr @0ne dorofedaf aghdtemal chhfaingcopper.
that order. The silica filns 40a and 40c are formed by

The mgring %PQ%ZQ@@W bryformet! ngingrrknowmnteshadh ndhe awgeativel lapier 30

described in "2.3.1. Silica fiJ]m, and curing the 35
whichreessy ggdeast the upper surface of the wiring layer 20 ng formed. The

protective layer 30 is a polybenzoxazole resin layer. The protective layer 30 is formed

by applying the above-described film-forming composition to the wiring layer 20 and

- the first insulating layer 10 to form a coating, and curing the coating. The details of

the film-forming composition and the curing treatment are described in “2.2. Protective
layer”.

(2) The second insulating layer 40, in which a dual damascene structure is formed,
is provided on the protective layer 30. In the manufacturing method according to this
embodiment using the laminate according to the third example, the second insulating
layer 40 is formed by stacking the insulating layer 40a formed of a silica film, the

insulating layer 40b formed of an organic film, and the insulating layer 40c formed of a

. silica film in that order. The silica films 40a and 40c are formed by forming a coating

using the film-forming composition described in “2.3.1. Silica film”, and curing the
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coating. The organic film40b is fornmed by formng a
coating using the filmformng conposition described
in"2.3.2. Oganic filnt, and curing the coati 9dv6¢0185G
the same manner as the silica filnms 40a and 40c. The
hard mask |ayer 50 is fornmed on the second insulating

o e et I B PR R i
commRBRARRS ) 35S A= RSk e i
sl i G B Yo 305" Bl 1550 S o
con U RF AR A LB A e v
o G SHERARE SR A0l PRET LR SRR,

condiRabd langar f‘d?ﬁnleé &nORd sbdbad! iﬁ%}jé:gﬂllglnlﬁfeﬁuodfﬁ'm%ﬁ?ed by CMP of the

conductive layer 1s provi e W ring opening

like. aRGuitRs Waf HRPRANEaRAa$G S0 @thvd BCan WMchiROstbpb®layer in the
havi ng a dual damascene structure which I's

CMP §fepCt Alsilizh |fi;lm<3:@%ﬁ%?%a§id: filni thay B used dsithohdra ek 2et 50,
formed. A first mask |ayer (not shown) having an
(3) OmbBiwigingnopehihg 6§ima the Wiliopbnihfes2v téntinkbuO PGk 1@ Faring
is formed is provided on the hard mask | ayer 50. The
opening 66l aei fogmbdi\byr refiving paptaththd sesomd) inshintihg rlayerrd®k The
| ayer as a mask until the insulating |ayer 40b is
condugtipobyer. is pRhvidddrisshawinng épepimg 64Ginditke vihopering 68do that the
_until the insulating |layer 40a is exposed. A second
wiringrlpyRe hayjng a dvad dagiassony stasiniegvhdeh tspdetrieplly vonnestedeyith she
.. in which the wwring opening 66 is forned is provided
wiring layehed i dornedask | ayer 50. The second mask |ayer 20

e e BBl 4P b W BBl B i v
openip 54 i lgig i ppviacd R i prf TR v o010 TR S AR 1o oo
s B BRI i 0 W IR BB 58
The ﬁéﬁr ; 3@&04%612 HAY Blchid Gt Be IRETRG 18Fer 402 SBRYELALY A

il
second mask layer (not shown) having an opening in the region in which the wiring

opéning 66 is formed is provided on the hard mask layer 50. The second mask layer
has an opening pattern larger than that of the first mask layer. The exposed insulating
layer 40c anﬂ insulating layer 40a are removed using the second mask layer as a mask.
The wiring opening 66 and the via opening 62 continuous with the wiring opening 66
are thus formed on the wiring layer 20.

~ The protective layer 30 located under the via opening 62 is removed by etching

~ before providing the conductive layer in the subsequent step. The protective layer 30

Jocated under the via opening 62 may be removed when forming the via opening 62 or

after forming the via opening 62.
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25 before providing the conductive layer in the
subsequent step. The protective |ayer 30 | ocated
under the via opening 62 my GHSORYEH13A3eHR 600 U EP,SG
the via opening 62 or after formng the via opening
62. 36 G 1050 I OP C F-1333_JR 60018US, EP, SG The
conductive layer is then provided in the via opening
6 2Tineondyetivg Fayag isofeni prgvisled inshe héa ppening H2 drgt thehwiring
conductive |ayer, the conductive material given as an
openigfiyp| dsithe n iadfor the cordpstivedayerp the goaaductive material given as
particular, it is preferable tqo use a conductive
an expands o the oviring daysy madppe psed. nde partigularnly ig grefgrablgfopese a
reduced dge to.l.ow 5 resistance, After providing the

condugiig Rt qORAHNE GOBREE SIEg Wising delavean bes’[?éHC‘%@sd‘?ﬂ\ﬁﬂ low
st e RN 0 e e e Sk Teb R Fuihas v
s el P36 Hef I B0 Rl T W R0 BBins Br AR i g
oy 5 S S ML 400 AR B g e e e
20 e B b Bl B ccording to thi s
i b N o A S

in thSRaRRe addofdih@id Al drdtRiméd byaRe Moveqtwged. This
allows the second insulating’layer 40 to exhibit a

S Uinfthe k@ficofdrt@alevice abt@alagdavnhik @aiboHRNGR, sildecthe Byotactive
highly reliable .5 sem conductor device can be
layerpB®\s geokidedhenf k| witingglagdy 201 diffusich obtcappadinedahe second
using the lam nate according to the third exanple.
insuldiren layar A4 mgn dbentadinpegl. | ables aliewnghd kecodd ahsuatives teee 40 to
_method, etching may be perfornmed a nunber of tines
exhihik | ah guifipignt | diglectrionibrenkdowhe rasistangat tvaremeby aadighly reliable
_descri bed above. In the first etching, the second
semi¢angduetar device capbe provided. r enoved to a

The following advantage is obtained when using the laminate according to the
third example. When forming a wiring layer using the dual damascene method,
etching may be performed a number of times using mask layers with different patterns,
as described above. In the first etching, the second insulating layer 40 is removed to a
desired depth using the first mask layer having an opening in the region in which the via

opening 62 is formed. In the second etching, the wiring opening 66 and the via

-opening 62 are formed using the second mask layer having an opening larger than that

of the first mask layer (mask layer having an opening in the region in which the wiring

opening 66 is formed). In order to prevent the insulating layer 40a from being etched

to a large extent during the second etching, it is preferable that the insulating layer 40c

and the insulating layer 40b differ in etching rate. In the laminate according to the

third example, since the second insulating layer 40 is formed of a plurality of layers of -

37



{0

15

25

"0 desired depth using the first mask |ayer having an
opening in the region in which the via opening 62 is
formed. In the second etching, GHW&0WRJD el 36pafli-6@p186S, EP,SG
and the via opening 62 are fornmed using the second

mask | ayer having an opening larger than that of the
first mask [ayer (mask |ayer having an opening in the
diffsgn rmaterialki edeht ineulafing dayer ofiffeisnip 6@hing fate. mefis allows the
_order to prevent the insulating |ayer 40a from being
insuleting layes 40l toasérug ge anxetehinglmtoprert hevesedwrigg the second
etching, it is preferable that the insulating | ayer

etghang amhexabs # iEaLeg jongning 6p Woh @i fekeellent eshemiznepn be formed.

rate, In the lamnate according to the third exanple, .
si ncéhe fvestiabiscnat Asritedttp the pbgheremimdimerntor Nadoust medifications

lurality of layers of 37, GL05010PC F ) )
andyvestating gasy dosnade vathin therspisitand serpeaithy igventigph When forming

o AL Tl 2 ) S o 08 R i e e i
TR 55t ol 5 S oL BT s penin
SR R i B2 PR i W AR e

oo, e S R855EI o ABRC RS o8 A BT R pmin

oty U0 b RIS e s
noERdd entabiRyeM it iFEieheARRThE gclecoﬁﬁ iﬂ?ﬂ’atﬁ?ga%ér Y0ORERGH Gp éng the

may be forned while controlling the ndi tions for
dfidl'datnasRh€ nitgurand t he second etching (e.g. treatnent

time and etching gas). The lamnate to according to

the first exanple may al so be applied to a )

sem conductor device in whichra nornal contact |ayer
4i s fbxamplei n t he second insulating |ayer 40 without
appl¥ing the. dual damascene structure. 4. Exanple 15

The Theaweniym is destaibed btlew ibahayovdetail by veayddteaadples. \gte that

of exanples. Note that )
the following description generally illustrates the aspects of the invention. The

invention should not be unduly limited to the following description. In the examples
and comparative example, “part” and “%” respectively refer to “part by weight” and

“wt%” unless otherwise indicated. Various evaluations were carried out as follows.

4.1.  Evaluation method
(Evaluation of relative dielectric constant)

A composition sample was applied to an 8-inch silicon wafer by spin coating.
The substrate was dried at 80°C for one minute on a hot plate and at 200°C for one

minute in a nitrogen atmosphere. The substrate was then sintered at 420°C for 60

-minutes on a hot plate in a nitrogen atmosphere. An aluminum electrode pattern was

formed on the resulting film by deposition to prepare a relative dielectric constant
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the follow ng description generally illustrates the
aspects of the invention. The invention should not be
unduly limited to the fol |l ow®P5aE8RE iFpidsGnI RPAOIAES, ERSG
exanpl es and conparative exanple, "part” and "%
respectively refer to "part by weight" and "wt%
unl ess otherw se indicated. Various eval uati ons were
measgepnrang dawiple. adhe gelagye dislectic 1contoni ghthe ﬁoafﬁéltgh@ample) was
(Eval uatjon of relative dielectric constant)

measpgsgpBs Gomedwdpt @ fgguengppel K kidz aﬁns anrf%%f@ﬂp | BeR6451B”
waf er , by in n JThe substr S dri
and ¢ grociiral hERumEeD HRI A DPERBRSHECDY 20bes gl Baskard

c £1 ute in a nitrogen atnosphere. The substrate was

0., n sintered at 420C for 60 m nutes on a hot plate in
a nitrogen atnosphere. An alum num el ectrode pattern
was fornmed on the resulting filmby deposition to

Eva 38T R B Rt cromy campl . The
reAﬁlt ¥ fiflinf! déf%cturod& d%%ﬁ'[ ({m{eﬁeoﬁ %E'&&lglﬁgmg%ﬁr%_& by

measur e a frequency o

depoéiﬁbﬁ' %o Eﬁgégcaf&iéﬁc ?act ur&tﬁdrb voltded na8GbRe shifple. The

4A" manu

dlelegﬁléqg@éﬂ@'oﬁwcﬁtﬁ ¢ Bﬁﬁﬁa&&tm?gvas Ihéé%ure'a kyEXRIrviahedBd Qlfsmg an

di el ectric breakdown resi stance) An al um num el ect rodé

electRAL! SHP16433BP Ofndied SBcikidd LERUmietdt0 “HRA2SIA e niufactured by
deposition to prepare a dielectric breakdown vol tage -

YokoyeaaHaewPasiampCe., Lihe diel ectric breakdown voltage

of the coating was nmeasured by an |V method using an

.0 el ectrode "HP16451B" and a precision LCR neter

"HP4284A" manuf actured by
4.2.  Preparation of film-forming composition
4.2.1. Preparation of polybenzoxazole resin precursor (protective film)
(Preparation Example 1 of protective film)

2.16 parts (10 mmol) of 3,3’-diamino-4,4’-dihydroxy-biphenyl was dissolved in

40 parts of dry N-methyl-2-pyrrolidone in a dry nitrogen atmosphere. 1.94 parts (9.5
mmol) of isophthalic acid dichloride was slowly added to the solution at 5°C over 30

minutes. After allowing the mixture to warm to room temperature, the mixture was

stirred at room temperature for one hour. 245 parts (22 mmol) of triethylamine was

-added dropwise to the mixture at 5°C over 30 minutes. After the addition, the mixture

- was allowed to warm to room temperature and reacted at room temperature for three

hours with stirring to obtain a polybenzoxazole resin precursor. The
polystyrene-reduced number average molecular weight (Mn) of the resulting

polybenzoxazole resin precursor was measured using a GPC manufactured by Tosoh

Corp. and found to be 7.5x10°. The weight average molecular weight (Mw) of the

polybenzoxazole resin precursor was 1.8x 10*,
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Yokogawa- Hew et t - Packard Co., Ltd. 4.2. Preparation of

filmformng conposition 4.2.1. Preparation of

pol ybenzoxazol e resi n precur s&oi@rortestizge_Ir-60018THEP,SG

(Preparation Exanple 1 of protective film 2.16 parts

(10 mmol ) of 3,3'-diam no-4,4'-di hydroxy- bi phenyl was

dissolved in 40 parts of dry N-nethyl-2-pyrrolidone

i n 18 gvlithepelybeeaxancterspingrecursor vpspiassolyed 4 5 ol )

of isophthalic acid dichloride was slowly added to the
N-meghyiliZrpiradidosciogyeparga 5 wh’n spluigon. Af Thersohitiomivasdfiltdred

m xture to warmto roomtenperature, the mxture was
throygh 3 {{pflen-@egistered diademagke fiien with pdiore sige a2 migropsters to

parts g22 mol ) of triethylam ne was added dropw se
obtaia pRYDEHZRKIAOL REECUEOIIPEMSIBE ) nuAdUm WastTermedhasing the

dditian, the mxture was allowed tqQ warmto rogm
reS“ﬁa%p%fS i e'H%?ng]af%%\é{e?&“é‘t QSR ?fgthﬁ Shm ot anqashred and dound
¢ bh?érs with stirring to obtain a pol ybenzoxazole resin -
OPHf&cursor. The polystyrene-reduced nunber average

nmol ecul ar wei ght (M) of the resulting ?5
pol ybenzoxazol e resi n precursor was nmeasured using a

m"ﬁﬁ%&%@%ﬁﬁfg%@ﬁ’gﬁ?ﬁmﬁﬁl Corp. and found to be

aver age nol ecul ar wei ght (Mw) of

DR BEAA G R ALEF S i b

Preﬂ%ﬂitibﬁﬁﬁ%ﬂ?ﬂazpﬁfce ERr Bsiﬂ% OGN HA (YEmntHIpsO! ved in

N- net hyl - 2-pyrrolidone To prepare a 5 W % sol uti on.

3,3’Jaiﬁn§ﬁlégl4’Ld1Hyd‘h@§y-ﬁiﬂhbﬁﬂ%ﬂ]er iR EAU DT 28 6 1ikts @10 mmol) of
(registered trademark) filter with a pore size of 0.2

3,3’ Adiamninoet £ dhydrox pbipheflylanp akinp aPEopRE D 8 fiimdD WT $&Ephthalic
varnish (A-1). Afilmwas fornmed using the 5 resulting
acidvlichioride inSthal ofel 9 pares @i5ehawl)rofdsaphtistiantidafichitvédd. i I'The
was neasured and found to be 2.9.
molecular weight of the resulting polybenzoxazole resin precursor was measured using
a GPC. The polystyrene-reduced number average molecular weight (Mn) and weight
average molecular weight (Mw) of the polybenzoxazole resin precursor were
respectively 2.1x10° and 8.1x10*.  The polybenzoxazole resin precursor was treated in
the same manner as in Preparation Example 1 to obtain a polybenzoxazole precursor
varnish (A-2). A film was formed using the resulting varish. The relative dielectric

constant of the film was measured and found to be 3.0.

(Preparation Example 3 of protective film)

~ A polybenzoxazole resin precursor was synthesized in the same manner as in
Preparation Example 1 except for using 5.652 parts (10 minol) of
9.9-bis(4-(4-amino-3-hydroxy)-phenoxy-phenyl)fluorene instead of 2.16 parts (10
mmol) of 3,3’-diamino-4,4’-dihydroxy-biphenyl and using 2.40 parts (9.5 mmol) of

- 1,4-napthalenedicarboxylic acid dichloride instead of 1.94 parts (9.5 mmol) of
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(Preparation Exanple 2 of protective film A
pol ybenzoxazol e resin precursor was synthesized in the

same manner as in 10 Prepar aid;980 fopdRl B3h_A¥66RsUEP SG
using 2.32 parts (10 mmol) of - - Y

3, 3' -di am no- 4, 4' - di hydr oxy-di phenyl ether instead of
2.16 parts (10 mml) of . .
isoﬁhtﬁéli&ﬁcﬂiﬂi@ﬂnﬂ?&' “Fdhele sty WiipReTyhe ﬁ&ﬂtiﬁ% Fagbgnz%iazole
e

parts (9.5 nmol) of terephthalic acid dichlori

resinYb@@sbr Was neddurbd idifig b GFT, m"ﬂie)poWsP&éﬁPﬂéHﬁ@écﬂ fun@fer dverage
0

dichloride. The nol ecul ar wei ght the resulting

mofsehinb eeROK0) tmd esEit AERge ibiiculaselBha s @fdsd Ng 15
a GPC. The pol ystyrene-reduced nunber average
polybéreoxdzate resih gphécufsbhverndspsetiigiy 5.0av@randd . Srol0dc uThs
wei ght (Mw) of the pol ybenzoxazol e resin precursor
polybenzoxazekesh iprehisoP wis tedt@BinathelsBnelmanid4s inTPeeparation
pol ybenzoxazol e resin precursor was treated in the
Exsmple Irtaohtain apolyberBoxqzalegireomsoEvamuha AL3) o Afitmiwas dormed
pol ybenzoxazol e precursor varnish (A-2). A filmwas
usifp thegesuligngigmmibe rBeurelativg diglechicionstiieof ity Gl was measured
dielectric 20 constant of the filmwas neasured and
and upditae 8- 3. 0. (Preparation Exanple 3 of protective
film A polybenzoxazol e resin precursor was
synthesi zed in the sane manner as in Preparation

Prep e rple SR pstests BBk y) - phenoxy- phenyl ) {1 or ene.

5" 5o S0 B o1 2REND ot Do TP bRty phayfiupgene was
B0 Sl o) bR RREh RPNy Bhptr.
2B AP TP o s ) SRRy Bl Gehlonde Rt SRR R8LL o the
solB@bY REPOX3ER! S0 hiBfies PAGEH aBOWiMR the RARMUEE fo USARE t& room

GPC. The pol ystyrene-reduced nunber average ol ecul ar
tenpRigite, (Ymixane waeisghéd aveoadempeiates falonedicdht L Mvparts (22

mncl)cil) to? (teriethylamine was added dropwise to the mixture at 5°C over 30 minutes.
After the addition, the mixture was allowed to warm to room temperature and reacted at
room temperature for three hours with stirring. Then, 0.16 parts (1...0 mmol) of
5-norbornene-2,3-dicarboxylic anhydride was acided to the mixture at 5°C. After the
addition, the mixture was allowed to warrﬁ td room temperature and reacted at room
temperature for three hours with stirring to obtain a polybenzoxazole resin precursor.
The polystyrene-reduced number average molecular weight (Mn) of the resulting
polybenzoxazole resin precursor was measured using a GPC manufactured by Tosoh
Corp. and found to be 8.5x10°. The weight average molecular weight (Mw) of the
polybenzoxazole resin precursor was 2.5x10%,

10 g of the polybenzoxazole resin precursor was dissolved in

N-methyl-2-pyrrolidone to prepare a 5 wt% solution. The solution was filtered
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pol ybenzoxazol e resin precursor were respectively 5.
103 and 1.5X104 . The 5 pol ybenzoxazol e resi.n
precursor was treated in the GagwiloBfnen3ss JRBO018US,EP.SG
Preparation Exanple | to obtain a pol ybenzoxazol e
precursor varnish (A-3). Afilmwas formed using the
resulting varnish. The relative dielectric constant of
throwghea Taflom (vegsstered srad@vark pfiferf witinal poe siwe & 002 migrometers to
(Preparation. Exanple 4 of protective film 3.80 parts
obtajmpayhsinyoxsizolg, pedwrsnt Jammhnd-4). hyAlfibix yeap enmad)usingghene
was dissolved in 40 parts of dry
resuliingwesgh. 2 The relativeadipleciog cansiagt ofithe Blge waameasiseband found
2.80 parts (9.5 nmmol) of 4, 4'-oxybisbenzoic acid
to bef}-Bhl ori de was slowly added to the solution at 5C
over 30 mnutes. After allowng the mxture to warmto
roomt5 tenperature, the mxture was stirred at room
t enper.at ur or. one hour. 2.45 parts (22 nmmol) of
(Preﬁqr?ﬁginr@‘aé‘?ﬂ?‘hé Oﬁﬁ@t%‘égﬂfﬂ} opwi se to the mixture at 5C
over mnutes. .After the addjtion .the mxture was
o PR DTSR st PSS oD BIET GELIRITF sibs Eng R n
PrepfARE EEIREER N8BT yillt 876 DM Bi0hbBy e 7T no- Then.

35 P e T A foxd SRR o 330X £ WERIASEED |0
9,9-D1&3- a2l ih QWG df X yi5He 1§ﬂu(f1r9ﬁl=!7& %9?&&@@9‘75 Rfhest at

room tenpératdre Tof three hour stirring to

isopRAIR! 42iPAIBRLMAE BEPX 37 Phils {465 Mw-ﬁwnylet@a@ﬁsophmauc
pol ystyrene-reduced nunber average nol ecul ar wei ght

acid @dRjorid ifsfRd o€ SOt HaRE (9.5 PhaiibIF B N2 DR} WiskeRSbid apidedithiisAde.
was mneasured using a GPC manufactured by Tosoh Corp.

The aiolkcilatweighoofde Besakin@gholyberzovar b resiy preageonwhemisared
wei ght (Mv) of the Z5 pol ybenzoxazol e resin precursor
using\a6PL. 5xhe Pélystyderg-wiutedaupabley bemzgexaglotwar weight (Mn) and
_precursor was dissolved in N-nethyl-2-pyrrolidone to
welggt jsrage molerurwaghtUMyaret timpolsbdnzokazelawgsinfrirquasos gvere
41
respectively 7.2x10% and 2.3x10%.  The polybenzoxazole resin precursor was treated in
the same manner as in Preparation Example 4 to obtain a polybenzoxazole precursor
varnish (A-5). A film was formed using the resulting varnish. The relative dielectric

constant of the film was measured and found to be 3.0.

(Prepara_tion Example 6 of protective film})
Apolybenzoxazole resin precursor was synthesized in the same manner as in

Preparation Example 4 except for using 2.16 parts (10 mmol) of

3,3’-djamino-4,4’-dihydroxy-biphenyl instead of 3.80 parts (10 mmol) of

9,9-bis(3-amino-4-hydroxy-phenyl)fluorene, using 0.97 parts (4.75 mmol) of
terephthalic acid dichloride and 1.08 parts (4.75 mmol) of 5-ethynylisophthalic acid

- dichloride instead of 2.80 parts (9.5 mmol) of 4,4’-oxybisbenzoic acid dichloride, and
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G 105010PC_F- 1333_JR-60018US, EP, SG through a Tefl on

(registered trademark) filter with a pore size of 0.2

m croneters to obtain a pol ybenzoxazol e precursor

varni sh (A-4). A filmwas fornet10E1ABCIIe¢333 886001815, EP,SG

varni sh. The relative dielectric constant of the film

was neasured and found to be 3.0. I 5b(Prepar altl on

Exa 5 of protective film A polybenzoxazol e resin

RBE D Lt oD ctvnylhitefi gl daanitiod 666, frparts 1.0
anple 4 except for using 2.16 parts (10

A OF 3ot Borge e icaios i iy, oxJhmplharie wéightiaf b
Bt BB rsble (R PR g mewnrdneing PRCuSThY
Bt oD a8 s ol bR g 1 Sn welght verage
BB BRAVSIY OBk B5l ot Bt Seispectl
OO S T BB g e
S 0 b ORI RSB B
(W) A sl RaPRINRE '%é@é Zfﬁe&k@l@?ﬁag&igﬁﬁg{%@faﬁ% dfélectric

respectively 7.2x

RRbHTZR RO WSS MRSufed B FHRAL HeaY treated in the
same manner as in Preparation Exanple 4 to obtain a

" pol ybenzoxazol e precursor varnish (A-5). A filmwas

formed using the resulting varnish. The relative
@reparativn Exampleriséfproteativetfitgn) f i | m was measured and
found to be 3.0. 20 (Preparation Exanple 6 of

© pr ot ek polyberidokajoldrgsal plremzaxezokmili@ied if RS WiBO maasr as in

synt hesi zed in the same manner as in Preparation
Brcparpion Hxample gtexcept fos nsing 2406papiar(4 §5 (mifokmosl4)4’ efxybisbenzoic

acid dichloride and 144 parts (4.75 mmol) of S-phenylethynylisophthalic acid

dichloride instead of 2.80 parts (9.5 mmol) of 4,4’-oxybisbenzoic acid dichloride and

“using 0.25 parts (1.0mmol) of S-phenylethynylphthalic anhydride instead of 0.16 paris

(1.0 mmol) of 5-norbornene-2,3-dicarboxylic anhydride. The molecular weight of the

resulting polybenzoxazole resin precursor was measured using a GPC. The

‘polystyrene-reduced number average molecular weight (Mn) and weight average

molecular weight (Mw) of the polybenzoxazole resin precursor were respectively
8.4x10° and 24x10*. The polybenzoxazole resin precursor was treated in the same
manner as in Preparation Example 4 to obtain a polybenzoxazole precursor varnish
(A-7). A film was formed using the resulting varnish. The relative dielectric

constant of the film was measuared énd found to be 3.0.

(Pfeparation Example 8 of protective film)

A polybenzoxazole resin precursor was synthesized in the same manner as in -
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3, 3" -di am no- 4, 4' - di hydr oxy- bi phenyl instead of 3.80
parts (10 mml) of 25

9, 9- bi s(3- am no- 4- hydr oxy- pheng|gsoh e §ne333USR-BE0 BUX/EP,SG
parts (4.75 mmol) of terephthallc acid di chlori de and
1.08 parts (4.75 mmol ) of 5-ethynylisophthalic acid

di chloride instead of 2.80 parts (9.5 mmol) of

Prépafatiof Bxin té:eﬂ@}&bﬁt f@ﬁh:ﬂn%ﬁ <8b|£ﬁﬁs de.m@BH of 42
05010PC 1333_JR-60018US, EP, SG wusing 0.17 parts

9, %Bligi a[ﬁiﬁib)hy(@foi@ ?EHMPSZW&EMWMMMGMBEIE skt ofd.80fparts
parts
(1&masl s B bis (ﬁa@nﬂu-zbhy&exwphmﬂ)ﬂnymhe dsinghe7 patssdMSanmol)
wei ght of the resulting polybenzoxazole resin
of popithalioacid\dishlorids and t.4d panyg(4e7 GRol) T §-phenylethynylisophthalic
pol ystyrene-reduced nunber average nol ecul ar wei ght
acidMighlaivt insteaghif 228(epatye95 mumiob @i K 41 -ouphisfienzéimaridatichldmrde,
pol ybenzoxazol e resin precursor were respectively
and ugirg 0Q3 parisl( LOmmdlpaf S-phenyleshyuylphtiokia ﬁdrmgnstead of 0.16
precursor was treated in the same nanner as in )
pam Eh&mamalionf SExerhpmene: 23odieasbarybicanhysiridse n Ibg acdecalar weight
precursor varnish (A-6). Afilmwas formed using the
of ﬂ@srmtﬂw%mzwoim@m BICSRISOW oS Tapasuted; “@mg@oﬁgaa nihe
f the fil mwas_ neasured 0:?nd foun

oL P B ron Txan & 20 BT eLtE Mﬁf "iw’@‘l ghffvemge
20X Sl u S S S| Ze I N
Syl S R S n R p S SR ety e Efpper ey ™

. 6. ﬁéb %51]10%9 1or i dtﬁ égly‘lenfgggaret I%gltl Ereégrsgf‘%%% F’rggte& 81 the same
AN SR B B i g

(AS)Chlo lfrp‘gﬁafﬁf}fl ﬁél tHa- rgéxltﬂ%r JanibHL - OI‘HH}EI)atl% dlieleé:tnc

5- pheny |c anhydr i de 1 nstead of

coRkddrt f theJ5lf mmhéasafedfzma%mrta@egw 3-di carboxylic

anhydride. The nol ecul ar weight of the resulting
pol ybenzoxazol e resin precursor was neasured using a
GPC. The

(Preparation Example 9 of protective film)

A polybenzoxazole resin precursor was synthesized in the same manner as in
Preparation Example 4 except for using 2.0 parts (6.7 mmol) of 4,4’-oxybisbenzoic acid
dichloride and 0.86 parts (2.9 mmol) of 5-phenylethynylisophthalic acid dichloride

instead of 2.8 parts (9.5 mmol) of 4,4’-oxybisbenzoic acid dichloride and using 0.25

- parts (1.0 mmol) of 5-phenylethynylphthalic anhydride instead of 0.16 patts (0.1 mmol)

of 5-norbornene-2,3-dicarboxylic anhydride. The molecular weight of the resulting
polybenzoxazole resin precursor was measured using a GPC. The polystyrene-reduced
number average molecular weight (Mn) and weight average molecular weight (Mw) of
the polybenzoxazole resin precursor were respectively 7.5% 10* and 2.1x10*. The
polybenzoxazole resin precursor was treated in the same manner as in Preparation

Example 4 to obtain a polybenzoxazole precursor varnish (A-9). A film was formed
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pol ystyrene-reduced nunber average nol ecul ar wei ght

(Mn) and wei ght average 20 nol ecul ar wei ght (Mw) of

t he pol ybenzoxazol e resin precpseioMeEre1 J3eSPeeto eIYERSG
8.4x103 and 2.4x104. The pol ybenzoxazol e resin

precursor was treated in the same nmanner as in
Preparation Exanple 4 to obtain a pol ybenzoxazol e

usiny @6 Weshiliingwairisb.h Tlrelative Alidlbdtiit Wofsthtrofale st Wenstfcasured
resulting varnish. The relative dielectric constant

anddburddre bki3lOn was measured and found to be 3.0. 25
(Preparation Exanple 8 of protective film A
pol ybenzoxazol e resin precursor was synthesized in the
same manner as in 43

(Prepacition Br@uple[190F piste@DRMBWS, EP, SG  Preparati on Exanpl e
4 exce for using 5.80 parts (10 mml) of
9, A ng'b@:za)ﬁama gsdHE @Wuvhewls)smthwmd; phétwﬁamehwymefrl as in
uorene_instead of 3.80 parts (10 mmol)

Premurafic 5%@1&%%%C¢Ph§mu§m& @;ﬁémartyf(ﬂ{?omw of )4 4rmgxppighenzoic

arts i sgpht hal i c acid _dichloride and

acidyablopids pd 29 Brsred] D B RESIGRYGPI bR e Fiehlpride
instghlsor § 8BS R BIOIL G G ATorHiitherdae ackhdichiarg 2o sBing 0.25
part? 2@{) M@P%%@ﬁ%g?@?@ﬁ%%ﬁﬁg? 1ns eaalilo% Oal%hl}/agt.[s I(éj b mmol)
of SAAHORELS R atliR R Akl S AR EALARs VOB R hing
LY R —
nun(le Aveidiid MBSy %gﬁ@g@nﬂ%mb%ﬁy hi¥ra ai&m@%gm (Mw) of

t he pol'ybenzoxazol si'n precdrsor re respectively

the $oRberfdRaAN rdsif }prééiftsor WerePRIsyRRNERX 823110° LRdI N0 104 The

precursor was treat ed in the sane nanner as in

polyBegfdahailé QesifopREgtrsor dwiAO treltbdiifl e BahEbBARRY ABOInE Pre ﬁarauon
precursor varnish (A-8). Afilmwas formed using t
Exampiud td olgaivar polsbenzdkeotecpratirvar irmikle CAr103. A film was formed

using the resulting varnish. The relative dielectric constant of the film was measured

and found to be 3.0.

(Preparation Example 11 of protective film)

A'polybenzoxazole resin precursor was synthesized in the same manner as in

Preparation Example 4 except for using 2.9 parts (9.5 mmol) of

5-phenylethynylisophthalic acid dichloride instead of 2.8 parts (9.5 mmol) of
4.4’ -oxybisbenzoic acid dichloride. The molecular weight of the resulting

polybenzoxazole resin precursor was measured using a GPC. The polystyrene—reduced

‘number average molecular weight (Mn) and weight average molecular weight (Mw) of
“the polybenzoxazole resin precursor were respectively 6.5x 10° and 1.7x10%. The

“polybenzoxazole resin precursor was treated in the same manner as in Preparation
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constant of the filmwas neasured and found to be 3.0.
15 (Preparation Exanple 9 of protective film A
pol ybenzoxazol e resin precur spsWaPcs Fisae SITZ6sh1sUStRES G
same manner as in Preparation Exanple 4 except for
using 2.0 parts (6.7 nmol) of 4,4'-oxybi sbenzoic acid
di chloride and 0.86 parts (2.9 nmol) of
Exanfplephemtitsit hypolybeaapiatdiabrecusot dardishiihor i) de AZmi wad Raded
of 2.8 parts (9.5 nmmol) of 4,4'-oxybisbenzoic acid
usingdhaiebdtinglgaraisti. uThe gelén@Sdielparit sofstar ofittel filnD#as measured
5- phenyl et hynyl pht hal i ¢ anhydri de i nstead of 0.16
and fpuditgeb¢ 891 nmmol ) of 5- nor bor nene- 2, 3-di car boxylic
anhydri de. The nol ecul ar wei ght of the resulting
pol ybenzoxazol e resin precursor was mnmeasured using a
GPC. The pol ystyrene-reduced nunber average nol ecul ar
(PrepagatiorExamply léﬂépvﬁﬂ@ﬁtﬁ fimbr age nol ecul ar wei ght ( Mw)
of 25 the pol ybenzoxazol e resin precursor were
r ésprivbsngarazole rginprecuirer was gynthesizefja the same manner as in

e e R R L
e P G R b
v T A B Sl o
0.1 i o AP 51l T i
resultif@ BolyBERBkadt: | ip P%)Fe[&ﬁfs% ig}gs E@g{@&k& %sgtgc%meﬁ@f The

using 0. 84 parts . nnnlg - oxybi'sbenzoic
olystiehélr&ivebd AfuntiRr a\rae Ondfdclibr ( ReibhTIRA i
oy g?phenylethynylfsopﬁ%ﬁaliccacid g%éwlofpdgﬁjﬂﬁgggagv%?ge
molec@laB vRaghts (NI) Sof el iaolgt)exfhoﬁézo@w@siﬁ hasaridr @6t respectively

di chl oride and using 0.25 parts (1.0 nmol) of
6.3x1G-apldrd16t.hynyl pht hal i ¢ anhydride instead of 0.16

parts (0.1 nmol)

The polybenzoxazole resin precursor was treated in the same manner as in

Preparation Example 4 to obtain a polybenzoxazole precursor varnish (A-12). A film
was formed using the resulting varnish. The relative dielectric constant of the film was

measured and found to be 3.0,

(Preparation Examplé 13 of protective film)

A polybenzoxazole resin precursor was synthesized in the same manner as in
- Preparation Example 4 except for using 2.2 parts (10 mmol) of
3,3’-diamino—4,4’-dihydroxﬁ-biphenyl instead of 3.8 parts (10 mmol) of
9,9-bis(3-amino-4-hydroxy-phenyl)fluorene, using 1.4 parts (6.7 mmol) of isophthalic
acid dichloride and 0.86 parts (2.9 mmol) of 5-phenylethynylisophthalic acid dichloride
instead of 2.8 parts (9.5 mmol) of 4,4’ -oxybisbenzoic acid dichloride, and using 0.25

parts (0.1 mmol) of 5-phenylethynylphthalic anhydride instead of 0.16 parts (0.1 mmol)

46



10

15

20

25

10 of 5-norbornene-2, 3-di carboxylic anhydride. The
nol ecul ar wei ght of the resulting polybenzoxazole
resin precursor was neasured wsliopg1EPGERA333hR-60018US,EP,SG
pol ystyrene-reduced nunber average nol ecul ar wei ght
(M) and wei ght average nol ecul ar weight (My) of the
pol ybenzoxazol e resin precursor were respectively 6. 8x
of 51izbamend22 AdiddHoxylih anhyirideb e Tho xedaiudar vesgh op theaesudiong
was treated in the sane manner as in Preparation 15

polyErpriazold resmn plisteisor ‘aaqmbgsmadwi@za)ﬁECp r dbe pelystyrene-reduced

varnish (A-10). Afilmwas fornmed using the resulting
numpgr avesage mipleculat weighicMimaindovaighs ayevage aolecolar wegeght (Miwy) of
was neasured and found to be 3.0. (Preparation
the polubasizexagelegsip PECEEOr Wered ﬁefsmctmdyxi(ﬁ’m 198@!#&%25&% e The
resin precursor was synthesjized in the sane manner as
polxbﬁnquﬂécp!ar%ﬂn HﬁC‘Ei%FrﬁﬂSetmﬂ“‘é‘)éBé]Eﬁ Sefsy MpyieR gs in Rrepagptien

Exagqplqﬁ g]}?%%n%&@g@gggc%gégfgr | slplggztrghsghal | 3) amf?lm was formed
4,4 -o bi sbenzoi ¢, aci.d or.i de. The cuI
using dhe 5o g‘f‘g A Yles P?F%“V“p‘g&%té‘ﬁ%&%{%loé T}%e@?hwas measured

and g é was neasured using a GPC. The

& %3F§'?§P tfe- r educed 25 number average nol ecul ar wei ght
(Mh) and wei ght average nol ecul ar weight (Mv) of the
pol ybenzoxazol e resin precursor were respectively 6.5x

(Pre%gﬁn@lpﬁx&m lg)iftjo(}irrotg ﬁrler{ﬁl ybenzoxazol e resi n

recursor € Sane nmanner as 1 n

Pr Qpn‘g?@f)é&@xﬁ]z%lﬁ&ﬁ‘pﬂr whs %?ntﬂ%i@éﬁoﬁ‘lgtyg Bffe mSAner as in

to obtain oly enzoxazol e precur sor

Prepafitidh Hxabopeld bxcepr fdr |u§in§q59 pAEI@DB muRil)eF 4 heo){yﬁﬁ%ﬁzoﬁ@amd

varni sh. The relative dielectric constant of the fil
dichVéiien®Bas 0r6adparan . f ainel)t & BghdnHethyiyispphthtlicoAcid dlCthI‘lde

Exanpl e 12 of protective filn) A polybenzoxazole resin
instgad exfu?. 8 Qrartevd3.5siyinfolpesli £4dokybithrazsiameidichleridasnd msing 0.50

parts (2.0 mmol) of 5-phenylethynylphthalic anhydride instead of 0.16 parts (0.1 mmol)
of 5-norbornene-2,3-dicarboxylic anhydride. The molecular weight of the resulting
polybenzoxazole resin precursor was measured using a GPC. The polystyrene-reduced
number average molecular weight (Mn) and weight average molecular weight (Mw) of
the polybenzoxazole resin precursor were respectively 6.2x10° and 1.5x10%. The
polybenzoxazole resin precursor was treated in the same manner as in Preparation
Example 4 to obtain a polybenzoxazole precursor varnish (A-14). A film was formed
using the resulting varnish. The relative dielectric constant of the film was measured

and found to be 3.0.

4.2.2. Preparation of film-forming composition for silica film

A separable flask made of quartz was charged with 570 g of distilled ethanol,

- 160 g of ion-cxchanged water, and 30 g of a 10% tetramethylammonium hydroxide
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Preparation Exanple 4 except for using 2.7 parts (9.0

mol ) of 4, 4'-oxybi sbenzoic acid dichloride instead

of 2.8 parts (9.5 mmol) of 4d 050000 Fhisas JRe6@IBUS,EP,SG

di chl oride and wusing 0.50 parts (2.0 nmol) of

5- phenyl et hynyl pht hal i ¢ anhydri de instead of 0.16

parts (0.1 mmol) of 5-norbornene-2, 3-di carboxylic
aquedRhydliifiste. Thee niivivee whar undomgily airedhe A restirei ofg 136 g of

pol ybenzoxazol e resin precursor was neasured using a
meth@RGnethteysilpod yat 309%g of readethexysianbwas addeddg thomoluseul aThe

wei ght (M) and wei ght average nol ecul ar wei ght (Mw)
compoherith eepeodlipved 20 xazbfoe five hionrsprlilameiptainiag e solution at 60°C.

respectively 6.3x 103 and_1.5x 104. The ,
Afterpb piditizn & 360 ¢ okptonylsne licebmonarropyketherto; the splution, the

_ same manner as in Preparation Exanple 4 to obtain a

mixtuye Was eonesntratstat §PES usinsaneypperater patihte sold £oRtERe Vags20%

formed using the resulting varnish. The r$¢ tive

(as cemnpleiedvArdyurandensation rofich; | his!® §re5a 4 pramdene elycol
monchson S o SR AL SR Sop LR B LblE:
BB B o 0 PO B re uin
the fﬁg}?{oggltn%omc%(?s}tﬁo& 91%-*1¥ d&%&%‘ﬁn%' P(J1 a{yhbdﬁsé\%%tﬁﬁ metRod and
- bj { 3- ami no- 4- hyd - phenyl ) f | , using 1.
ﬁmn%%ﬁ¥£i .7 mol) ofyigggﬁtﬁaﬁrz )acfgrgrgh|gf:32 ang

0.86 parts (2.9 nmol) of 5-phenylethynylisophthalic

acid dichloride instead of 2.8 parts (9.5 ninol) of
4.23% ﬁe%&?‘fy&i éﬁﬁﬁﬁmxﬁggd&nﬁﬂsﬁi&h%f flRca A (Hasd MEsIOlREY)

part 0.1 mmol ) of 5-phenyl et hynyl pht hal i ¢ anhydri de

| Ngk&Rcht NRsklPaBabt GudrE:. asTHRkded46itA06.0 ¢ dRMstHied ethanol,
1333-JR- 60018US, EP, SG of

206. 5 gneTT bAeRENAZE] Sracircaid88.fl ¢ of anhyd riotssiuihkydrokide uiqaeous
wei ght of the resulting polybenzoxazole resin
solutiphecurier miatweesasir ediformilpg str@RC.  Ahgnixture of 44.9 g of
pol ystyrene-reduced
methyltrimethoxysilane and 68.6 g of tetracthoxysilane was added to the solution over
30 minutes. The components were allowed to react for one hour while maintaining the
solution at 55°C. After the addition of 240 g of a 20% maleic acid aqueous solution to
the solution, the mixture was sufficiently stirred and then cooled to room temperature.
After the addition of 400 g of propylene glycol monopropyl ether to the solution, the

mixture was concentrated at 50°C using an evaporator until the solid content was 10%

(as complete hydrolysis-condensation product). Theh, 10 g of a 10% propylene glycol

monopropyl ether solution of maleic acid was added to the concentrate to obtain a

film-forming composition (B-2). The relative dielectric constant was measured using

the film-forming composition (B-2) according to the above evaluation method and

" found tobe 2.82.
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nunber average nol ecul ar wei ght (M) and wei ght

average nol ecul ar weight (Mv) of the pol ybenzoxazol e

resin precursor were respecti vabyoibpéxri@3s anlsihi12Ws,EP,SG

104. The 5 pol ybenzoxazol e resin precursor was treated

in the sane manner as in Preparation Exanple 4 to

obtai n a pol ybenzoxazol e precursor varnish (A-13). A
4.2 4. [Prepassichaif il -forrainggoiposities it orpaniv fitmi(isbulatiiye film)

relative dielectric constant of the filmwas nmeasured
(PrepmdtidwbErainple 1bef ddgahic film) Pr epar ati on Exanpl e 14 of

protective film A polybenzoxazole resin precursor was

sy Attleg (090 mobtdie, %—d{»iﬁéS-aminmai-haéroixypheﬁybbwﬂnbmpmpane was

Exanpl e 4 except for using 1.9 parts (6.3 nmol) of
dissqlvad B yBi0s s 2] Girhcl\%lme ybRiporiolidonend 3064 paf®ks mol) of

1 mmol ) of 5-phenylethynylisophthalic acid o

-plt@nﬁlﬁtlwnylér@phtma@ agid dichlpride pegst added tg thmplpn@n at 10 C in dry

4, 4' - oxybi sbenzoi c .acid dichloride and using 0 o
nitrqggpy sAﬁzr therpdditiong theompbaa yyas sHFRY R frafor @nahﬁgfdandopé 20°c

i nstead of 0.16 fJart

for gng, s, néfier rosling (the Hﬁw}qggﬂg'?‘iﬂy@r 19E: Fhd #ol0umgh) of
metﬂﬁg He s ddaEd ST adibo 170 lbci/ GG brephred by dissolving 40 ¢
of Rt S b G BB L AR BB R iy ot
o3 YREREORAROUG: (8RAR BB Y 00 phs g%@ggy@gg;o EloheS&then

add&f RC HeSRlixndf@Sa 1:t f(?@t fidaly nidEed AR APMB SaaRfon! The mixture was

Preparati on arrpe4toota|napoyenzof<azo

stirrBd RCHPE Thr MR HYuS nd A J0OL -forfod hduR. ek drQoMRAktidhIfSe feQ@uon
resulting varnish. The relative dielectricC constant of

the kdRtibh |Iuih svaleaBie@to RAGVE OwiRthylenike h3dfbchBRide: 2.Adter the
Preparation of filmformng conposition for silica

dropikanadiisepaf diel Bltdreasiquithdea afixaqlsolitionnass 6 6hasied-eatlidnged
570 g of distilled ethanol, 160 g of ion-exchanged

wataraindro.6 honflisdprogawdl, thel@ééipitte svuae coldctainaml dnndntydrbtein 82.9 g
47

of a polybenzoxazole resin precursor (1). The polystyrene-reduced weight average

molecular weight of the resulting polybenzoxazole resin precursor (1) was measured

~ using 2 GPC manufactured by Tosoh Corp. and found to be 25,000. The molecular

weight distribution was 2.20. The introduction rate of the reactive oligomer
component determined by "H-NMR was 36 wt%. 10 g of the polybenzoxazole resin
precursor (1) was dissolved in N-methyl-2-pyrrolidone to prepare a 5 wt% solution.
The solution was filtered through a Teflon (registered trademark) filter with a pore size
of 0.2 micrometers to obtain a véxnish (C-1). Apolybenzoxazole resin film with pores

was formed using the resulting varnish. The relative dielectric constant of the

_polybenzoxazole resin film was measured and found to be 2.2.

(Preparation Example 2 of organic film)
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G 105010PC _F-1333_JR-60018US, EP, SG aqueous
solution. The m xture was uniformy stirred. A m xture
of 136 g of nmethyltrimethoxysilosorrEne-2R9 IR-66018US,EP,SG
t et raet hoxysi |l ane was added to the solution. The
conmponents were allowed to react for five hours while
mai ntai ning the solution at 60C. After the addition
of 1306 g (0099 mogly lof i3’ gligmmbio-4rbndihydroykbiphérad was dikw@lved in
solution, the 5 m xture was concentrated at 50C using
292 anl efs dpoNamethylidpiyirotitiencs ollil @5cp@.650 mwd) o §%thynatisophthalic
_conpl ete hydrol ysi s-condensation product). Then, 10 ¢
acidgfictdoridmwpy alsiet éo thegloltion at fihepessppldreniigagesol ut i on
of acetic acid was added to the concentrate to obtain
a Tenmly.dem (y02dmsds pf Sahepdethynylisephthalia aridedichloride was
dielectric constant was neasured using the

addeq oHhe BYFHIFAL SO 4356 b Aty(TRragena c d\dted hradditians theapistare was
sirei B R PRARGROW ARt 39 G SBO RSS! s cralineshe Fesation liguid
to 5,51 475" RaeBR cur D disTiaE 38D eni2f prioRcuchisrigminated
styrdigolfecthel 0650 TGRS AR ndEfu el ol 2t T of
garnfiBli ol Qe & Adde8 o ofd HLKUAR oB) piticth S Bhes s aditon of
22,230 00 R IR BRI, W mBEEE walaffe Ul G 50 Spe pour and a
20°C R BONRENI ARG conlistidnQst (B %‘%ét%n, Md &ﬁctfcnleliﬁ&i 'tkvgaé Blered to

iy

of 240 g of a 20% mal ei ¢ aci d aqueous sol uti

rem&@ teietlThmihd Bydioshlerige VaA fretkht ided ke Xddtidn beMedNfred liquid
then cooled to roomtenperature. 20 After the addition

to a @fix&dDéblgricaf ofiT Dpfloarschinged watsp a8d BARY liscpbdiRhol, thel fiecipitate
solution, the mxture was concentrated at 50C usi ng

was awllested and tdriedunt obtain e Hb i af « polybaizowasold @84in pasursor (2).
conpl ete hydrol ysi s-condensati on product). Then, 10 ¢

The o fpolystydsuepiedpsade nweighty caterageonopleodyt  weipht 61 thel arsulting
of maleic acid was added to the concentrate to obtain

polyhenzoxnzale sin prgcwreerids wes sasus@ysingry 6PCemamifgetured by Tosoh

di el ectric constant was measured usj ngi L
Corp. and found to be 21,700. The molecular weight distribution was 2.74. The

introduction rate of the reactive oligomer component determined by 'H-NMR was 38.4
wt%.

5.00 g of the polybenzoxazole resin precursor (2) was dissolved in 20.00 g of
N-methyl-2-pyrrolidone.  The solution was filtered through a Teflon (registered

| trademark) filter with a pore size of 0.2 micrometers to obtain a varmish (C-2). A

polybenzoxazole resin film with pores was formed using the resulting varnish. The
relative dielectric constant of the polybenzoxazole resin film was measured and found to

be 2.3.

4.2.5. Preparation of film-forming composition for organic film (hard mask layer)
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25 the filmformng conposition (B-2) according to the
above evaluation nethod and found to be 2.82. 48
G1050 10PC _F-1333_JR-60018US, H8508&C_&-1334.JR-60018US,EP,SG
Preparation of filmformng conposition for organic
film(insulating film (Preparation Exanple 1 of
organic film 34.8 g (0.095 nol) of
2, 22 b B tmrecroecked flastoogmitpedywijthe shefihoametop no pegoa gandeed
di ssolved in 330 m of dry N nethyl-2-pyrrolidone.
pipeganda gfinrer, waslaygedfwithsl X) pheftptrahytlyofptans dhghdl i ¢ aci d
di chl ori de was added to the solution at 10C in dry
tetrquﬁlatlﬁplge@ﬁlphxxmléne palladiadi2 ] gwf didhdorabigtriphenylghospliine padiadium,
at 10C for one_hour and at 20C for one hour. After
144cs>ef¢queltwéld€ea‘%pﬂ@ﬁpmpq@ina, and 18632 29 3 g (0.22 nol)

triethylam ne was added to the reaction liquid. A

4.4 §a$(atlp@ﬁemi}e§95¥)éam@91|ms§§o| Mtﬁlgth&@d@ltm}wf 65.48 g of
2
4 ot el B mkivtord o Moy rt%?%m%%?e@ C foraupyans.

ARt ﬁ%@?ﬁ%ﬂgﬁ%mo@g@@ﬁe&m%a éwceawanﬁé 1 geeficacids the

he m x

precld el 558l B st it o
cau%%? 3{;1 ?ea;r&vvfééﬁ{t? ﬁ%ﬁg?g gB% &@trhglfrjr%lf/g r : gl%i:%f?ipe wast Pl?t:r&? ?&I Jh%]d 14}
obtagwg P%fﬁig??&' »3131? g%feig% abdifge d&%ﬁ waﬁe;eﬁgﬂpbf 3506000 the

toa m X utlon 6.6 1 0

| onpex G ang gelyher V)@tw% ARALRd by b 7ef dg Io$ Q)?El@ﬂéﬁ%l%e td %btam a

precipitate was collected and dried to Obtain

filmOformingOt HBRRAMAAY). € TheSEIAtivE FBAIEEAE codstant N measured using
pol ystyrene-reduced wei ght average nol ecul ar wei ght

the fifm-férening suinpbsigon Abykreoziinaanthe abeed &valation nsdliod dnd found
was neasured wusing a GPC manufactured by Tosoh Corp.

to baB&3f ound to be 25,000. The nol ecul ar wei ght
di stribution was 2.20. The introduction rate of the
reactive oligonmer 20 conponent determ ned by 'H NWR
was 36 % 10 g of the pol ybenzoxazol e resin

[Example 1]

A CVD film of silane and ammonia was formed on an 8-inch silicon wafer to a
thickness of 1000 angstroms using a Sequel Express manufactured by Nevellus. The
elemental composition of the coating was Si (50 atomic%), O (4 atomic%), C (3
atomic%), N (40 atomic%}, and H (4 atomic%). A copper film was stacked on the
coating by sputtering to a thickness of 1000 angstroms. After applying the

polybenzoxazole film-forming composition (A-1) to the copper film to a thickness of

' 500 angstroms, the substrate was sintered at 420°C for 60 minutes on a hot plate in 2

nitrogen atmosphere. Afier applying the silica insnlating film-forming composition
.(B-l) to the substrate to a thickness of 4000 angstroms, the substrate was dried at 80°C
for one minute and at 200°C for one minute. The substrate was then sintered at 420°C

for 60 minutes on a hot plate in a nitrogen atmosphere to form a laminate according to
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precursor (1) was dissolved in N-nethyl-2-pyrrolidone

to prepare a 5 w% solution. The solution was

filtered through a Teflon (r egiostsred Ft r3a8ema6t)18US,EP,SG

filter with a pore size of 0.2 mcroneters to obtain

a varnish (C1). A polybenzoxazole resin filmwth

pores was formed using the resulting varnish. The
Exampkl at i ve diel ectric constant of the 25

pol ybenzoxazol e resin fil mwas nmeasured and found to

be 2.2. (Preparation Exanple 2 of organic film 49 G

105010PC F-1333_JR-60018US, EP, SG 19.46 g (0.090 nol)
[Exanagles? 8 i4li ani no- 4, 4' - di hydr oxybi phenyl was di ssol ved

in 292 m of dry N-nethyl-2-pyrrolidone. 11. 35t_q ]

( &n Gzemplss)2 s 1%-3«31%1%9 iasepAmEdpicach geanapleiveas| fBrmebin the

was added to_the solution at 5C or_ less in dry )
same AR e AS iy Egampls 16 eﬁceﬁ)b_@goclﬁggl}lgofhe polybenzoxazole resin

5- phenyl et hynyl i sopht hal i.c _acjd dichl ori de was .
film-fRE B QOEPRORUOH SRR RRE Lo Tglégé SRV FRe ﬂ%ﬁf%i}ﬁ?ﬂkdown

After t{]e .addition, the mxture was stirred at 10C
voltageif eapRIAYAeand at 20C for one hour. After cooling

the reaction liquid to 5C or less, a solution

prepared by dissolving 28.80 g of

4-anmhobenzoate-term nated styrene oligoner (0.0030
[Exarﬂl%)l?fpjﬂunber aver age nol ecul ar wei ght: 9600) in 100 m

of - one _iaxts ' t

oV CHRTTR D A 2 ARl S R Oy R GG g oo

thickrE% bf 9606 hh&kdvlsaltinpea SRl lﬁxg}eég %a%ﬁacﬁl;récf 5P WeRbEkOC The

or one hour and at ~ 20C for [

0 hours. After
elemepPII¢pdRRica of AR EeaRmE W8s SiNBOrAeLIdMN O i(gUitemie3s), C (3
filtered to renove triethylam ne hydrochl oride. After
atomic 9, T Giovatsaicl]iand & (dfatdhie )i | hecapet fitiiwhs dtackad on the
m xed solution of 7 1 of ion-exchanged water and 3 1
coatingf Hyscputbganolte i htigimesi pit HI0® avpgsronm. | edfted appliying the
dried to obtain 60.70 g of a pol ybenzoxazole resin
polybpnzsearale filipformirg FinepgsislopsArl e tre theechppertifilue itgyatthickness of
average mol ecul ar wei ght of the resulting )
500 apgstyyan Abs sphstater way sintsrascatr&9rC (for 6Gvaanyian oy adipt platedn a
a GPC manufactured by Tosoh_. . . . .
pitrogen atmosphere. After applying the silica insulating film-forming composition

(B-1) to the substrate to a thickness of 2000 angstroms, the substrate was dried at 80°C
for one minute and at 200°C for one minute. The substrate was then sintered at 420°C

for 60 minutes on a hot plate in a nitrogen atmosphere. After forming a coating with a

“thickness of 2000 angstroms on the substrate using the organic insulating film-forming

composition (C-1), the substrate was dried at 80°C for one minute and at 200°C for one
minute. The substrate was then sintered at 420°C for 60 minutes on a hot plate in a

nitrogen atmosphere to form a laminate according to Example 15.

.. [Example 16]

A CVD film of silane and ammonia was formed on an 8-inch silicon wafer to a
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Corp. and found to be 21, 700. The nol ecul ar wei ght
di stribution was 2.74. The introduction rate of the
reactive oligonmer conponent de3msoored FopsssHNNGY MRS EP.SG
38.4 W% 20 5.00 g of the pol ybenzoxazole resin
precursor (2) was dissolved in 20.00 g of
N- et hyl - 2- pyrrol i done. The solution was filtered
thickinrse wfH 080 Tegdtoms(usary 5 Sequed Expreas emmofictuiréd be Newelliis. a The
pore size of 0.2 mcroneters to obtain a varnish
clenfeptal) composisisiny b theoxeatingewne i (50 dtomii% ) (o estomixs’), C (3
fornmed using the resulting varnish. The relative
atongicé) e &t t40catemindt aand ¢ (4 aéomiela) be Azonpgenfibm rvessi stadkietdnon the
was mnmeasured and found to 25 be 2.3. 4.2.5.
coatpige P SPRERINGS t¢ | 3 rthickpefisngf cHIPo angstemst or ABeyaapplying the
film (hard_nask |ayer) 50

polyj_agm ﬁ'ﬂqnﬁgr_uyg_mi@jgpe@pg) tsthecopperpfil to a thickness of
500 RGP dnd SRR SELeR AP ol TORPa A plat in a
e, B A e T S e i goring: compsiion
(8- B gl 0 B30 P BT nelftnd o Fhopgat s o s0°C
or dh ook B SRR AP UG SRLSHG i Bz
o PRI EnS i) DV RBOhR! 96 ks DA it

thickiRRE BF DO Aids@Bmb Wh Gk éiﬁjsﬁﬂteﬁlsﬂl(gﬁgﬁ gi;?g&iccinﬁﬁ%%fégﬁ-fonmng

preci pitate was dissolved in cy none,

comb¥ifién YL, tHe bt RbcavasalrRH at B0 forame $sinki@ and at 200°C for one
reprecipitate using 5 1 of nethanol. The precipitate

minwas Thé setssaeteawsh theh ethtéred 10 4007RI0t 60 RRlYRIn ARBE plitin a
wei ght average nol ecul ar wei ght of 35,000. 30 g of the

nitrqgeh pireesphenas fativssbimigae accoPdifig ¢ Biangplell6hexanone to
obtain a filmform ng conposition (D). The relative
di el ectric constant was neasured using

[Example 17]

A CVD film of silane and ammonia was formed on an 8-inch silicon wafer to a
thickness of 1000 angstroms using a Sequel Express manufactured by Neveilus. The
elemental composition of the coating was Si (50 atomic%), O (4 atomic%), C (3
atomic%), N (40 atomic%), and H (4 atomic%). A copper film was stacked on the
'coating by sputtering to a thickness of 1000 angstroms. After applying the
polybenzoxazole film-forming composition (A-1) to the copper film to a thickness of
500 angstroms, the substrate was sintered at 420°C for 60 minutes on a hot plate in a
nitrogen atmosphere. After applying the silica insulating film-forming composition
(B-1) to the substrate to a thickness of 1800 angstroms, the substrate was dried at 80°C

for one minute and at 200°C for one minute. The substrate was then sintered at 420°C

for 60 minutes on a hot plate in a nitrogen atmosphere.  After forming a coating with a
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the filmformng conposition (D) according to the
above eval uation nethod and found to be 2.93. 15
[ Exanpl e 1] A CVD fil mof silGAAB0HRE_Erm3BdidR 6@ 8US,ERSG
formed on an 8-inch silicon wafer to a thickness of
1000 angstronms using a Sequel Express manufactured by
Nevel lus. The elenental conposition of the coating .
thicknvas 08500 B0gwtons eghe Wibgtaate vsingsheprzagic( Bsylating Hmdoyming
N (40 atomic%, and H (4 atomc%. A c.opper filmwas
compesition éd-1orthe ﬁ@bstr@tyawaaépqggﬁts‘iaﬁ feranggningteandrat 20H s for one
~of 1000 angstrons. After appl (';ng)the .pol ybenzoxzﬁole
minute; | fhe SEbSUREE Wanthsa sinteied @A429°G dor G{bmigiesepn A hatplage an a
~ thickness of 500 angstrong, the sybstrate
nitrogsrA@eEbeEy Al TOBRNEGE SARH{E 8dthch Ticknys of {5 ngstgoms on
ni trogen atnosphere. After appl.ying the silica .
the sqhsspie IR MEgnT PR LU P RGPE GABBETPBES 38 hgsuisils wipdried a
s SUbStrate to thiekness of .4000 .gngstr.o t .
80°C Fip i e and oh RO I Guscnint e oFE BB viah dfen snisere =
o e mnute. Th ubsirat i r t .
120 3 R0l i P8 DU Rl AR 1 taminare

n a no

t& forma lam nate according to 51 G
acc"r%’ggé@%‘glel 33 _JR-60018US, EP, SG Exanple 1.
[Exanples 2 to 14] In Exanples 2 to 14, a lam nate
according to each exanple was fornmed in the 5 sane

E g as in Exanple 1 except for changing the
L Xal%mg;/]blnzoxazol eresin filmformng conposition used

| nA B of sildbhfl dmmbplSydsheriéebeas BHbclDkitidkdl aater to a

vol tage of each | am nate. [Exanple 15]
thickness of 1000 angstroms using a Sequel Express manufactured by Nevellus. The
elemental composition of the coating was Si (50 atomic%), O (¢ atomic%), C (3
atomic%), N (40 atomic%), and H (4 atomic%). A copper film was stacked on the
- coating by sputtering to a thickness of 1000 angstroms. After applying the
polybenzoxazole film-forming composition (A-2) to the copper film to a thickness of
500 angstroms, the substrate was sintered at 420°C for 60 minutes on a hot plate in a
nitrogen atmosphere. After applying the silica insulating film-forming composition
(B-1) to the substrate to a thickness of 1800 angstroms, the substrate was dried at 80°C
for one minute and at 200°C for one minute. The substrate was then sintered at 420°C
for 60 minutes on a hot plate in a nitrogen atmosphere. After forming a coating with a
thickness of 500 angstroms on the substrate using the organic insulating film-forming
composition (C-2), the substrate was dried at 80°C for one minute and at 200°C for one
minute. The substrate was then sintered at 420°C for 60 minutes on a hot plate in a
nitrogen atmosphere. After forming a coating with a thickness of 1800 angstroms on

the substrate using the silica film-forming composition (B-1), the substrate was dried at

80°C for one minute and at 200°C for one minute. The substrate was then sintered at
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O ACY filmof silane and ammonia was fornmed on an
8-inch silicon wafer to a thickness of 1000 angstrons
using a Sequel Express manuf aknaoPhy- NsgelR-68018ULEP,SG
el enental conposition of the coating was Si (50
atomc%, 0 (4 atomc¥%, C (3 atomc%, N (40
atomc%, and H (4 atomc% . A copper filmwas stacked
420°@rfot 168 muwikisi oy abotsplatet iar & mgirogenaatnivispharegs fofm 10 (Pninate
angstronms. After applying the .5 pol ybenzoxazol e
accorflingrte Ezamplegl & onposi tion (A-1) to the copper filmto a
t hi ckness of 500 angstrons, the substrate was
sintered at 420C for 60 mnutes on a hot plate in a
ni trogen atnosphere. After applying the silica
[Exampled®ht i ng filmforning conposition (B-1) to the
supstrate tgo a thickness of 2000 angstrans,. the

subStHIAfiem pdsilang gl gmmgpie wasdpPrBrHEORAR Grigchsidcor waydo 2
ek RS S A5 DRt M. e
e GHIOERRRE el o e SRR SEO5, Bl @ Db
wom SO Bob 1, L0 SRS kb e go e
coatinEgZ’ Bbénglrm ut 6. Ti!ﬂﬁ:kﬁé%@.shg ?I@Wﬁg&:ﬁb?ﬁh. Sl S%)ﬁ)ﬁing the

mnutes on a pllate“ina nitro

el . e ;

poly R ARRRA et Qi B R LR el et Bl 19 ARhcdess of

500 Jn%ﬁt?@ﬁs Qhe MibsBatenwhl Sihteted0oR MBPE ot G0 inkés &h a hot plate in a
1 5010|5C_F- 1333_JR-60018US, EP, SG thickness of 16}00

' nitro@RGEnbSerd) S| AerFoRifib @l cdalpE Shth ABHiIcHn26d b 4000 hgstroms on
Nevel | us. The elenental conposition of the coating

the sviB&atBiusipgGhabapinihsul ftingifilai-oriing cortpdsiod(G ), ¢hé subbtrate
(40 atomc%, and H (4 atomc%. A copper filmwas

was dsted ok 80°(bfvr ohe minwtannd gt 200°€ fort ¢rerieingtd. o Fhetsubsttabewss then
of 1000 angstrons. After applying the

sintered at 420°C for 60 minutes on a hot plate in a nitrogen atmosphere to form a

laminate according to Example 19.

[Examples 20 to 32]

In Examples 20 to 32, a laminate according to each example was formed in the
same manner as in Example 19 except for changing the polybenzoxazole resin
film-forming composition used in Example 19 and the film-forming composition for the
insulating layer in the first layer. Table 1 shows the polybenzoxazole film-forming
compoéition and the organic insulating film-forming composition ﬁsed in Examples 20

to 32.

[Example 33}

A CVD film of silane and ammonia was formed on an 8-inch silicon wafer to a
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5 pol ybenzoxazole filmform ng conposition (A-2) to
the copper filmto a thickness of 500 angstrons, the
substrate was sintered at 420G1a5016RECIH- RACIR GO0 BUREP,SG
plate in a nitrogen atnosphere. After applying the
silica insulating filmformng conposition (B-1) to
the substrate to a thickness of 2000 angstrons, the
thicknbsst ofalWOvagsttv e using agd@qQuelfEnpressananfactwed by MeveNOT  The
for one mnute. The substrate was then sintered at
clemonte compesitign ofitheitceatingn was K6t (391 atomi¢ F), a0niét atogue’%), C (3
at npsphere. After formng a coating with a thickness
atogc o 09 (4hgtrpisfe. ¥ Hrd aomin%at & gepney filmeway sapled on the
i.nsujating filmformng conposition (C2), the )
coaling sy AtPTIGRAS e @dthiekngtic of ol OQhengstieme arftest apripiog the
for one Lhute. . The substra}e was then si niered at

polybsyeoxaglesBImnfoTIRIRS COPOSIiRR (AitA (@ thercoppen {iftp dgénthickness of
so R R S W AU B b G e i
nir GRS B s b Rl GhuE el  2uBineip EAREF Erelggms on
R e T O S N

was¥iriediCht gbm&()@ne Rifke And %%?6(9@ 60 9ne Mifupd Pef e{#ubg}a\@@&as then
i ckness

stacked on the coating by sputtering to a

sint&ed LAODHPOORS " S0 Bnimfiéd Sh 2RBL gphdw ih haenitR%EH 6]%%@' GA frer
f f o) iI'mto a

IImform ng conposition (A-1) to the copper

forthitlb GKERGiRg Grith HAcIaRGSHT 2008, arlgh@omb Ba th@bbsWaR using the silica
sintered at 420C for 60 mnutes on a hot plate in a

insudattg0 §RN-fodniing Joaipdsitiéh t(BL1)Q PR Y¥atigrateh®asidrie@ et 80°C for one
insulating filmformng conposition 25 (B-1) to the
minstebaidrat200t@ far drei minnees s The siBdAtawgs theanmterelat 420°C for 60
substrate was dried at 80C for one mnute and at 200C
minfitss @ne Indtnplate. iNThenirodent atarosphwas tohfonmsa déminatt atcording to
420C for 60 m nutes on a hot plate in a nitrogen
Exagipdpdbhere. After forming a coating with a 53

[Example 34]

A CVD film of silane and ammonia was formed on an 8-inch silicon wafer to a
thickness of 1000 angstroms using a Sequel Express manufactured by Nevellus. The
elemental composition of the coating was Si (50 atomic%), O (4 atomic%), C (3
atomic%), N (40 atomic%), and H (4 atomic%). A copper film was stacked on the

coating by sputtering to a thickness of 1000 angstroms. After applying the

~ polybenzoxazole film-forming composition (A-2) to the copper film to a thickness of

500 angstroms, the substrate was sintered at 420°C for 60 minutes on a hot plate in a
nitrogen atmosphere. After forming a coating with a thickness of 2000 angstroms on
the substrate using the organic insulating film-forming composition (C-2), the substrate

was dried at 8_O°C for one mi_nute and at 200°C for one minute. The substrate was then
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G105010PC_F- 1333_JR-60018US, EP, SG thickness of 500
angstrons on the substrate using the organic
insulating filmformng conp@sddniloRC(IC1333 JRIBL018US,EP.SG
substrate was dried at 80C for one mnute and at NOT
for one mnute. The substrate was then sintered at
420C for 60 mnutes on a hot plate in a nitrogen
sintepddras gBOY(E forA6® eninfites ndmng lotcplatei imga wiitrbgem atmoskines After
of 1800 angstronms on 5 the substrate using the silica
formirig acbating wigh @chishsdss iof 200Bangstromseorsthiosubsitate wsisg the silica
dried at 80C for one mnute and at NOT for one
insulpting tfdm-fomeinguerpasitionnels 1).hée sibsfrase eksadried42080hfor one
. 60 minutes on a hot plate in a nitrogen atnosphere to
minute pnd at PANC gt ene mine-di Fip substeia vyss dherysintgredmt 427G for 60
. 18] ACVYD filmof silane and ammonia was fornmed on an
minuges AR §PY Pladh heif aitrogen atmpspheren s Sorgt a1 BoONAG FeepIging to
usi ng a Sequel Express manufactured by Nevel |l us- The
Exangplg 3int al conposition of the coating was Si (50
atomc%, 0 (4 atomc¥, C (3 atomc¥%, N (40
atomc%, and H (4 atomc%. A copper filmwas stacked
Exall t 5 coating by sputtering to a thickness of 1000
[Exampleions. After applying the pol ybenzoxazol e
fi fara ht] - j
t iRl SBRRRLA bBbald v ffhel o8 AFAPRER sllcol Widterto o
it : .
thickel & A0 Tl bilhe 8 3e Qb G ReR InfRuBy By VAU, The

elembREL b8hbhGtibd o thoBLiE GRAFPASII 2Bmié®), 10 @?ﬁ%ﬁﬁc%), C (3

substrate to a thickness of 1800 angstrons,

atomsésgg)%tw Q@ S, A BL(48A6mRE %P’ 2 B8ppd: Titfnewadstadkted on the

for one mnute. The substrate was then sintered

coatinf BRO0Qputtbfig 60 @ MiElessOfaltnn Migsh@nt.n Afirt sRdeg the
at nrosphere. After formng a coating with a thickness

polylenz&tZoknfilsi-farming tompasitsab 64113 tte thes coppet fibm ao gathickness of
insulating filmformng conposition (C2), the
500 sngsomayt the walbsstritd wds sinteBg@Catf 420°Grfor 60 noinetesiod aabotUaIE in a
for one mnute. The substrate was then sintered at
nitrogero@nfosphes® nifien losmung aconsingpvith a thigkaess of 1800 angstroms on
the substrate using the organic insulating film-forming composition (C-1), the substrate
was dried at 80°C for one minute and at 200°C for one minute. The substrate was then
sintered at 420°C for 60 minutes on a hot plate in a nitrogen atmosphere. After
forming a coating with a thickness of 500 angstroms on the substrate using the silica
insulating film-forming composition (B-1), the substrate was dried at 80°C for one
minute and at 200°C for one minute. The substrate was then sintered at 420°C for 60
minutes on a hot plate in a nitrogen atmosphere. After forming a coating with a

thickness of 1800 angstroms on the substrate using the organic insulating film-forming

composition (C-1), the substrate was dried at 80°C for one minute and at 200°C for one

 minute. The substrate was then sintered at 420°C for 60 minutes on a hot plate in a

nitrogen atmosphere to form a laminate according to Example 35.
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5 nitrogen atnosphere. After formng a coating wwth a

t hi ckness of 1800 angstronms on the substrate using

the silica filmform ng conpdsiosd P B-1333_IR60018US,EF,SG

substrate was dried at 80C for one mnute and at 200C

for one mnute. The substrate was then sintered at 54

GL05010PC _F-1333_JR-60018US, EP, SG 420C for 60 m nutes

on a hot plate in a nitrogen atnosphere to forma

| am nate according to Exanple 18. [Exanple 19] 5 A
[Exaigpi 36] | m of silane and ammoni a was fornmed on an 8-inch

silicon wafer to a _thickness of 1000 angstrons using

a A&l filmgsdare srdwnmeniz e foymed oaap Fsinclrgdicon wafer to a

. .elemental conposition of ttfe coating was Si (50
thickpess At A9P0 apestupms Wiy eqre] (Express gpanpdacturggl py Nevellus.  The

ey S 5 B A SR
atomZY B EhsBR e ritomtTy) . A°UmRLEBBERS: Fske,on e

coatiff 1 \Berie, 5o ¢ BRIRESOMR O REHRIAE' AR paplying the
. ] ! it h.

pol 308 FIRERTE Srmebieh, (0T RSRGRE PO o o

500 df3SrQh9ant Subtsht @hd Bﬂtegéd %%ﬁ?f'@}fﬂﬂs@ ARRGES 'i)hoanhtgtgﬂ&tla’in a
thhe substrate was dried at 80C for one mnute and at

nitrogdC4erlo9fhetdl € ﬂté}%ﬁmnyhec&ﬁhg twif £ (Blenes 60 1500F htsGHRA on
at 420C for 60 mnutes on a hot plate in a nitrogen

the sabs@EARAIEthE OrdaAidinsulati TS naA € 05MbOGH b0 (ERRRE Substrate
19. [Exanples 20 to 32] 1n Exanples 20 to 32, a

was drigdl 40 80¥C AT @DE diifgtetadd ae2d0° ©fanphemnige.f Oriesbstfaté Bas then
0 sane manner as in Exanple 19 except for changing the

sinteyed| 3tb&€2(YGxfor oile nrimsgen onf a [hot fpdatening: admges i dtinosphesed After
in Exanple 19 and the filmform ng conposition for the

forming a coating with a thickness of 500 angstroms on the substrate using the silica

insulating film-forming composition (B-1), the substrate was dried at 80°C for one

.minute and at 200°C for one minute. The substrate was then sintered at 420°C for 60

minutes on a hot plate in a nitrogen atmosphere. After forming a coating with a
thickness of 1800 angstroms on the substrate using the organic insulating film-forming
composition (C-2), the substrate was dried at 80°C for one minute and at 200°C for one
minute. The substrate was then sintered at 420°C for 60 minutes on a hot plate in a

nitrogen atmosphere to form a laminate according to Example 36.

[Example 37]

After forming a coating with a thickness of 1000 angstroms on the laminate
obtained in Example 17 using the silica hard mask film-forming composition (B-2), the
substrate was dried at 80°C for one minute and at 200°C for one minute. The substrate

was then sintered at 420°C for 60 minutes on a hot plate in a nitrogen atmosphere to

58



10

15

20

25

insulating layer int
pol ybenzoxazole filmform ng conposition and the
organi c insulating filmformaGis000iHhF-1338nJREe0l 85 EP,SG
Exanples 20 to 32. 5 [Exanple 33] A CVD film of
sil ane and amoni a was fornmed on an 8-inch silicon
wafer to a 55 G 105010PC F-1333_JR-60018US, EP, SG
formtaamkmesaccofdidgDOE xangpd¢ Bbns usi ng a Sequel Express
manuf actured by Nevel lus. The elenental conposition
of the coating was Si (50 atomc%, O (4 atomc%, C
(3 atomc%, N (40 atomc%, and H (4 atomc%. A
[Exaopbpd] fil mwas stacked on the coating by sputtering
to a thickness of 1000 angstrons. After applying the 5
poAﬁbve foravng 8| coating rwithop iskness 95 JOPP i apastroms )Oﬂttbet Hgmate
per filmto a thickness of 500 angstrons,

obtaxsr,lg in Exareplod8 usingtthe sidica hardxpaskrigm- W%‘Eﬂ’%@oskﬂ?naﬂaﬁ%)t the
late in a nltro en at nos ) r formng
subswgigtyan drigh e8GR e%@@t%ﬁn%g’@oﬁé%%ﬁ%mw g substrate
subst r at ani c_insu ing filmformn
was Bismsbeien oh IR Jor ahtEipet ADet Pl s mufPech Fobhngre o
one m nute and at_ 200 r one mnute. The substrate
Om\ﬁg]gml“}"f‘é%acf %ﬁoeq’%l&lg‘?ggmc for 60 minutes on a hot
plate in a nitrogen atnosphere. After formng a
coating with a thickness of 2000 angstrons on the
[Exaﬁi‘ob?esﬁate using the silica insulating filmformng

|tion (B-1), the substrate was dried at 80C for
ONRfrefMedify @NDadhg Mith & QhicRARs B NODE anfhieorms Rt thaifminate

was tﬂgn sintered at 420C for 60 mnutes on a hot

obtaib@UEEkdingle N7 ERGeRe fgARRMART Matlofifndféhudng adinpadidon (D), the
according to 15 Exanple 33. [Exanple 34]

substrate was dried at 80°C for one minute and at 200°C for one minute. The substrate

he first |layer. Table 1 shows the
f
I

was then sintered at 420°C for 60 minutes on a hot plate in a nitrogen atmosphere to

form a laminate according to Example 39.

[Example 40]
After applying the organic hard mask film-forming composition (D) to the
laminate obtained in Example 18 to a thickness of 1000 angstroms, the substrate was

dried at 80°C for one minute and at 200°C for one minute. The substrate was then

- sintered at 420°C for 60 minutes on a hot plate in a nitrogen atmosphere to form a

‘laminate according to Example 40.

[Comparative Example}
A CVD film bf silane and ammonia was formed on an 8-inch silicon wafer to a
thickness of 1000 angstroms using a Sequel Express manufactured by Nevellus. The

elemental composition of the coating was Si (50 atomic%), O (4 atomic%), C (3
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A CVD filmof silane and amoni a was fornmed on an
8-inch silicon wafer to a thickness of 1000 angstrons
usi ng a Sequel Express manuf act1esethHry FNess! JRis001BRES EP,SG
20 el enmental conposition of the coating was Si (50
atomc%, 0 (4 atomc%, C (3 atomc%, N (40
atomc%, and H (4 atomc% . A copper filmwas stacked
atorgia Z)hA (40catoinings hyand Hit(4 ewomig%)o & tdpipek fiwswasf stddk@@ on the
angstrons. After applying the polybenzoxazole
coating hy fspntiering torpdddknessnof ACQ) angstrdies. c ofofpar affpltying tthe asilica
thi ckness of 500 angstrons, the substrate was
insugting chilset forming compesitien (@ ratthe copper fibm tpl athicknesa of 51000
nitrogen atnosphere. After formng a coating with a
angstrns, bgrato 90 drid 3t $Q ﬁ?sfoes Ane tmréutg @nd et a?(bcl,fgf e minute.
the organic insulatjng filmformng conposition (C 2),
Thetaﬂgst&%@iaﬁ dhen sifesedy $ef)° Qtfosé@ migtes fa Aihat plateaiia gitrogen

atmispRSios 0BbE AICISHAC BT USIEES e SETWUHC BTN e was 3.5

MV;or 60 m nutes on a hot pl ate in a nitrogen
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o M T 1B BBl
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34. [Exanple 35] A CVD fil m of S|Iane and ammoni a was
fornmed on an 8-inch silicon wafer to a 10 thickness
of 1000 angstronms using a Sequel Express manufactured
by Nevellus. The elenental conposition of the coating
was Si (50 atomc¥%, O (4 atomc¥%, C (3 atomc¥%, N
(40 atomc%, and H (4 atomc%. A copper filmwas
stacked on the coating by sputtering to a thickness
of 1000 angstronms. After applying the
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0 nitrogen atnosphere. After formng a coating wwth a

t hi ckness of 1800 angstronms on the substrate using

the organic insulating filmfgoroso@PCORNAss LIRDNSHE)EP SG

the substrate was dried at 80C for one mnute and at

NOT for one m nute. The substrate was then sintered

at 420C for 60 mnutes on a hot plate in a nitrogen

at Wesphelear fAfm ahe rkodtsi sigwan @odfableg 1yithd) laninhies kobesised in

of 500 angstrons on the substrate using the silica 5
Examplkes| lato dg) €xbibitddon ndielgctrio hpesdidbivanvglige)of 4 MV/ecm or more.

substrate was dried at 80C for one mnute and at 200C
Theefore,ghwasrconfiraicd Thi adambaateaxbibiting amexcellenttdilentriabreakdown

420C for 60 mnutes on a hot plate in a nitrogen
IGSIS&%H%Q*@IS @bgainesk ¢ &n ﬁ’@ﬂﬁhﬁﬁélaad,dbaﬂam@aw aftthe) comprrativeesmmple

1800 angstrons on the substrate using the organic

exhif et AL gHF RN Yrdnee Ghlos, tr MEYAT - (Rertore, it was

ubstrate was drie 80C for one m nute and at 200C
Confiswaothét 8n FxRelteat lﬁﬁ@t@aﬂéyerraw Wat Tommesd. siAst dgseiabagh above,

for 60 m

sine g phere et e Pt @@Lu@e%ﬂv&.”wénﬁ o35 S inzgpper
and e B e B R R q?%hﬁﬂ%%%téoﬂgffwfeﬁw f&@*qen & Viring
layelf'c{%%'ml: quﬂl?atﬁ‘i? éﬂ% m?(i]]lsdolvérg @gﬁ{@&%@ 3 gﬁuglgn%r{mg@%r FQ}P the

o R 0 58 8 A i

layer@oﬁ&e@m'cancﬁlcmrtcf egen atnosphere to 58 G
105010PC F- 1333 _JR-60018US,EP, SG forma |am nate

according to Exanple 37. [Exanple 38] After forning a
coating with a thickness of 1000 angstronms on the

lam nate 5 obtained in Exanple 18 using the silica
hard mask filmform ng conposition (B-2), the
substrate was dried at 80C for one mnute and at 200C
for one mnute. The substrate
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was then sintered at 420C for 60 m nutes on a hot
plate in a nitrogen atnosphere to forma |amnate
according to Exanple 38. 10 [Exanple 39] After formng
a coating wth a thickness of 1000 angstrons on the
| am nate obtained in Exanple 17 using the organic
hard mask filmform ng conposition (D), the substrate
was dried at 80C for onegpAse and at 200C for one
m nute. The substrate was then sintered at 420C for
60 mnutes on a hot plate in a nitrogen atnosphere to
15 forma | am nate according to Exanple 39. [Exanple
1. 40] Adim@ateappipyising: t he organi ¢ hard mask filmformng
conposition (D) to the |am nate obtained in Exanple
18 & ooppet Wirolgnegar prbvid@Dovea agsmicondyctdtiaysuhd heeihg awpscific
20 dried at 80C for one mnute and at 200C for one
pattermjut e. The substrate was then sintered at 420C for 60
mnutes on a hot plate in a nitrogen atnosphere to
f or npgotedtivg laperefoaned rodi s golybemoangslle resin 1dyep ppewided v the
Exanple] 25 A CVYD filmof silane and ammoni a was
coppe; WEHEd#esRg- i nch silicon wafer to a thickness of
1000 angstraonms using a Sequel Express manufactured by
Nev#} inglatingayer gres %'iE@Fﬁf%%HVFiIW’of the coating

I togm.c%, Q (4.atamc¥%, C (3 .59
&1 owherelpdie et riergn il T o oabin 8%y iy (40
tom c9, 4 atom c%.. A. i1lm. .Stacked..
on PREeh 8P Bers s teti g REE oL AL oying Bgprenting
. : t | yi th il ' | ati
uniH EORn A B BRRVTD, 2)°1 5 the copper 111 mto a

t hi ckness of 4000 angstrons, the substrate was dried
at 80C for one mnute and at 200C for one mn nute.

N N
7 Sx Ne—

%
N N

(D

wherein X represents at least one group selected from groups of the following
formula (2), Y represents at least one group selected from groups of the following

formula (3), and n represents an integer from 1 to 10,000,
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5 The substrate was then sintered at 420C for 60

m nutes on a hot plate in a nitrogen atnosphere. The
di el ectric breakdown voltage of the resulting |amnate
filmwas 3.5 MW/ cm Table 1 shows the conbinations of
the filmformng conpositions (varni sh) used when
formng the | am nates obtained in Exanples | to 40 and
t he conpar at hyesexa 0 and the dielectric

br eakdown vol tages of resulting |lamnates. 60 G
105010PC _F-1333_JR-60018US, EP, SG TABLE 1 First

i nsul ating Second | nsul atin Th| rd i nsul ating
Di el ectri | | ayer Hard
mask bre 1A—1BI 6.0

Exanple2A—28157 Exan'pIeSA-SBI Exanpl e4

A-4 B-1 6.1 Exanple 5 A-5 13-]1 5.8 ExarrpIeGA-GBl
S oy ST e R S
Exanpl e 9-A<8 0 @

Exanple 11 A-11 B-1 6.2 Exan'ple 12 A-12 B-1 5.9

D OO o)

PO OF
0 0

@)

iy (A

&)

: wherein X represents a group selected from groups of the following formula



Exanple 13 A-13 B-1 6.2 Exanple 14 A-14 B-1 6.1

Exanple 15 A-1 B-1 G| 6.3 Exanple 16 A-2 B-1 C2 5.

Exanple 17 A-1 B-1 C1 B-1 5.9 Exanple 18 A-2 B-1 C
A-2 G2 5.
6.1

0N ©

B-1 6.1 Exanple 19 A-1 C1 6.2 Exanple20
Exanple 21 A-3 C I 6.0 Exanple 22 A-4 C2
Exanple 23 A-5 C1 5.9 Example 24 A6 G2 6.2
(4)Exanpl e25 A-7 G| 5.8 Exanple 26 A-8 C-2 5.8 Exanple
27 A-9 C I 6.3 Exanple28 A-10 C-2 5.9 Exanple 29
A-11 CG1 6.2 Exanple30 A-12 C2 5.7 Exanmple 31 A-13
C15 7 Exanple 32 A-14 C2 6.0 Exanple33 A-1 C1
B-15.8 e3 \_éi\g_\ 0 Exanple 35 A-1
C1l1B1CGC 5 a Ig,B/Ay 2B1C26.2

CFG ?HS
—80,— —0— _"l_" —_?_'
CF3 CH3
SUGIEN .
0\—- s /O
~( T\ \_/ \_/

)

provided that a hydrogen atom on the benzene ring of the groups of the formulas (2), (3),
and (4) may be replaced with a crosslinking group, or may be replaced with at least one
organic group which is selected from aliphatic groups and aromatic groups and may

have a crosslinking group.

2. A laminate comprising:
a copper wiring layer provided over a semiconductor layer and having a specific
pattern;

" a protective layer formed of a polybenzoxazole resin layer provided on the
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Exanple 37 A-1 B-1 CG1 B-1B26.4 EIle38 A2 B-1CGC2
B-1 B-2 6.3 Exanple 39 A-l B-1 CG1B1D®6.3 Exanple
40 A-2 B-1 G2 B-1 D 6.2 Conpare ve B-1 3.5 Exanple
61 G 105010PC_F-1333JR-60018US, EP, SG As is clear
fromthe results shown in Table 1, the | am nates
obtained in Exanples 1 to 40 exhibited a dielectric
coppeatipmyeroddpge of 4 M/cmor nore. Therefore, it
was confirmed that a |am nate exhibiting an excellent
di elreimbililandlagakstoWded b€ BlePraBa S e@dgerobt ai ned. On the
ot her hand, the lam nate of the conparative exanple 5
exhwheéreidtha iskuddtRgtinyes ikladds dopraviey baRse@fof ldefFsedthasterials
4 W/cm Therefore, it was confirmed that an
stacked & lagats, amisul ati ng | ayer was not forned. As
descri bed above, since the |am nate according to the
5 i nvehe¢remrihe polybdemxtdvde wisini lagerliay@meid ndlawrdiin haiop peepeating
and the protective layer forned of the pol ybenzoxazol e
unit @fsthe follpyang petevddormile(h)i ring | ayer and the
i nsul ating |ayer which covers the wiring |ayer,
di ffusion of copper into the 10 insulating |layer is
reduced, whereby the |am nate can be suitably used as
an insulating |gyer for sem conductor devices. 62
CLAIMS 1./ 4 NamWwat e \conprising: a copper wring

| ayer provited wyer a/sem conductor |ayer and having a
specific pattern; /» _ 1)
10 wherein X represents at least one group selected from groups of the following

formula (2), Y repreéents at least one group seclected from groups of the following

formula (3), and n represents an integer from 1 to 10,000,

oD o1
OO O Oy .

o0 OO0 O

@

I5
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a protective |layer fornmed of a pol ybenzoxazole resin

| ayer provided on the copper wiring |ayer; and an

i nsulating | ayer provided on the protective | ayer,
wherein the insulating layer is a silica filmor an
organic film and 10 wherein the pol ybenzoxazol e resin
layer is fornmed of a resin having a repeating unit of
the followi ng general formula (1), Ic/ x \c-Y \0O/ \p/

/I n (1) 1 reiyrX-nepresents at | east one group
sel ected flror «@@ t\e! owing fornula (2), Y
represents™at | east” ofie group~Sel ected from groups of

the following formula (3), and n represents an
integer from1l to 10,000, 63 I~ I~ ] t 1

iox 1% x>y | U e ~i I~ ]~ 1~
\ (b[/ 5 rein XI regregents g
from groups of ¥t he folYow ng~fornul 4

\\ \\ X, |

O LT LI

CF3 | H,

&)

wherein X, represents a group sclected from groups of the following formula

“,
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-s@@2- -- -- CR3 CH3 0,03 C3-'O0-j 0, 4 O 5

provi ded that a hydrogen atom on the benzene ring of
the groups of the fornmulas (2), (3), and (4) may be
replaced with a crosslinking group, or may be repl aced
with at |east one organic group which is selected
fromaliphatic groups and aromati c groups and may

have a cro Ki ngxg . A0 A | am nat e
conpr|5|ng\\a/coppw[/ ngt | aj provi ded over a

sem conduct or | ayer¥and”havi ig & specific pattern; a
protective |ayer forned of a polybenzoxazole resin

| ayer pr ox« ed t he GRppersm ring layers and an
i nsul atin roy ed’/n t he ‘rot cyiv¥ | ayer,
wherein t ting inclu a rallty of

| ayers of dlfferent rmterlals stacked in Iayers and
5 wherein the pol ybenzoxazol e r&sin Iayer "'s forned of
a resin havi-agp-a repeatirng unit—of the fjorl owi ng
general formula (1), C/ Nx/ \C"‘?5 \Q \ Qe

()

provided that a hydrogen atom on the benzene ring of the groups of the formulas (2), (3),
and (4) may be replaced with a crosslinking group, or may be replaced with at least one
organic group which is selected from aliphatic groups and aromatic groups and may

have a crosslinking group.

3. The laminafe according to claim 2, wherein the insulating layer includes a silica

film and an organic film stacked in layers.

4. The laminate according to claim 3, wherein the insulating layer includes a first

organic film, a silica film, and a second organic film stacked in that order.
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(1) 10 wherein X represents at |east one group

sel ected fromgroups of the followwng formula (2), Y
represents at | east one group selected from groups of
the followng formula (3), and n represents an
integer froml1l to 10,000, (2) 1566 xI/ [/ 1~1~1,
I~\V 1 1 ] ttO(3) wherein Xl represents a group

5. 2?' ﬁcg] l%ﬂuﬁaft@ H&:&Mlﬁg% @fanﬁ Eﬁewﬁj@fellrpmerlﬁsﬁﬁmg‘{h?er lﬁélhdesﬁl first

siliéaH8m, \bn brganic ﬁlﬁ and 2 second silica film stacked in that order.

6. The laminate according to any of claims 1-5, wherein the polybenzoxazole resin
5 layer is formed of a resin having, as Y in the repeating unit of the general formula (1), at
least one group selected from the groups of the formula (3) in which a hydrogen atom

on the benzene ring is replaced with an ethynyl group or a phenylethynyl group.

7. A laminate comprising:
10 a copper wiring layer provided over a semiconductor layer and having a specific
pattern;
a protective layer formed of a polybenzoxazole resin layer provided on the
copper wiring layer; and
an insulating layer provided on the protective layer,
15 wherein the polybenzoxazole resin layer is formed of a resin baving a repeating

unit of the following general formula (1),

C//\/\

\/\/
)

20  wherein X represents at least one group selected from groups of the following formula
(2), Y represents at least one group selected from groups of the following formula (3),

and n represents an integer from 1 to 10,000,
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provi ded that a hydrogen atom on the benzene ring of
the groups of the formulas (2), (3), and (4) may be
replaced with a crosslinking group, or may be repl aced
with at | east one 5 organic group which is sel ected
fromaliphatic groups and aromatic groups and may

have a crosslinking group. 3. The | am nate according
to clain12,nﬁzgzﬁgn f yTfisul ating | ayer includes a
silica fil n ic filmstacked in layers. 10
4. The |l am nate according to claim3, wherein the

insulating |layer includes a first]| organic film a
silica fise anl\macked in that
order. 685 ThesTanina gtord | ai m 3,
wherein the insulating layer includes a first silica

film an organic fil and a decond silicalfilm
st acked iﬁ"". é Fr@ﬁﬂ%@*& ng to
any of cldi -5 whetefn t pol y zoxaz0l e resin

5 layer is formed of a resin having, as Y in the
repeati ng LA at | east

one group 3 formula (3)
in which a dr.0Q ¢ Z€Re<ring is

repl aced W ) dnyl et hynyl
group. 7. er W ring

| ayer provided over a sen conductg
specific pattern; a protective | & flgrjred of a

pol ybenzoxazol e resin |ayer provided on the copper @
wiring layer; and an insulating |ayer provided on the
protective |ayer, 15 wherein the pol ybenzoxazole resin
| ayer is formed of a resin having a repeating unit of

the fol | owy ge%fiiiiﬁo?%fjijﬁl),
ﬁ'fj? I

(3)
wherein X; i‘epresents a group selected from groups of the following formula
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c4~\x/\\c-Y \o/ \o/ n (1) 20 wherein X represents at
| east one group selected fromgroups of the foll ow ng
formula (2), Y represents at | east one group sel ected
fromgroups of the following formula (3), and n

represents an integer froml to 10,000, 69 I~ I~ I~ |~

I~ I~XI~1~XI~1~XI1L(2 i \Vil/l. i (3) 5
(4),\/\,herei n XI represents a group selected from groups of
the following fornula 70 (4), CF3 CH3 -sz_ -- -? Cr,

-C CH3 O \ / 1 (4) 5 provided that a hydrogen atom
on the benzene ring of the groups of the fornmulas (2),

(3), and Xy k J agEdyy a crosslinking
gr oup, or'_@be [@%}» i, t a@ | east one organic
group which is sel eCted fr(fn al 'phatic groups and
aromati c groups and may

NSy » ==y 07 \0\— — 07
O_@ —<_) aw
F3 CHgy

—80,— —0— 7 — ¢
CFy GHy
SUOIN .
0./~ — 0
~CT \_/ \_/
/0//‘ # /\0\

S

provided that a hydrogen atom on the benzene ring of the groups of the formulas (2), (3),

and (4) may be replaced with a crosslinking group, or may be replaced with at least one

organic group which is selected from aliphatic groups and aromatic groups and may
have a crosslinking group, and
wherein the polybenzoxazole resin layer is formed of a resin having, as Y in the

repeating unit of the general formula (1), at least one group selected from the groups of

- the formula (3) in which a hydrogen atom on the benzene ring is replaced with an

ethynyl group or a phenylethynyl group.
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have a crosslinking group, and wherein the

pol ybenzoxazol e resin layer is forned of a resin
having, as Y in the 10 repeating unit of the genera
fornmula (1), at |east one group selected fromthe
groups of the formula (3) in which a hydrogen atom on
the benzene ring is replaced with an ethynyl group or

8. a piTR&HnGhatY A¥dordih®WPelaifd 6 8r 7, WRerbMThé pbISb&E6 1Al @sindayer
claim6 or 7, wherein the pol ybenzoxazol e resin | ayer

is fosmédbiadesh havingSit NeddBuhd grodip seRRRH R gBhPYf the following
sel ected fromgroups of the followwng formula (5) or
forfn@)a (8% oo at Wen tepepdating unin bf thefgehdral foanda&l). f or nul a
(1). (",ivVec!l %l GCGCHGC-CHCCH \ I (-CGCH \\

dxnc/ C=-CHN / / U)- (IX X~/ -CH\CCH\ | | /
CGCH \CGCCH-CH/ \CCH/ GCH\N I I / C=CH _CH/
/\/CECH ~ \CECH 7\ /\/CECH
DO 3 PN % e
1D 0
o=ci “e=cH
SIS
Pa & X =CH 7~ /\/‘GECH
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CIl~cr'io , V1 VN1 T I ~e-j Cc Q, ~GCG C-c
c=c C=G ~I<c 0 ~I (6) 9. The lam nate according to
any of clainms 1 to 8, further conprising a hard mask

| ayer provided on the insulating layer. 5 10. The

| ami nate according to any of clains 1, 3, and 5,
mhereln the organic film has a dlelectrlc constant of
3 or 73 1 \I.m',y according to any of
clalns j:;j S,E%p 1 ,‘Mha the organic film is a
filmfor a \ﬁ_/étxﬁﬂ sin selected from

Te. e
pol ybenzoxaz ol y= Iene oolyarylene et her,
,on The | am nate according
5 and 4 herein the silica film

.I
polyi m de, a i
to any of clal
is a f|In1produced by heatlng a

hydr ol ens o504 t %o
hydro” zkn n e%S|

sel ecte the gr on IStIno '

t he folliﬁz%?jgeneral | as (\ 10 A
HSi (OR )3

Q)

9. The laminate according to any of claims 1 to 8, further comprising a hard mask

layer provided on the insulating layer.

10.  The laminate according to any of claims 1, 3, and 5, wherein the organic film

has a dielectric constant of 3 or less.
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15

20

25

wherein R represents a nonoval ent organic group,

RaSi (OR)4.a (8) 15 wherein R represents a fluorine
atom or a nonoval ent organic group, R2 represents a
nonoval ent organi c group, and a represents an integer
of 1 or 2, SiI(OR3)4 (9) 20 wherein R3 represents a
nonoval ent organi c group,

11.RAL RS Andn&iShcdoRBhg toSinyFR@)a3mKT, §,190 hnd D0, WiRE&h theRdedfc film

R7 individually represent nonoval ent organi c groups,
is arfme formetd vofdatalehst oneefes@ssidctédfiege polybemoxikole) pdlyardene,
represents an oxygen atom a phenyl ene group, or a

polyarylepe e(b€eipplyifidecaresi polyansidpr esent s an i nteger from |
to 6), and d represents 0 or 1. 74 13. The lam nate

according to any of clainms 9, wherein the hard mask
layer is a layer including at |east one of a silica
12.1 i | Fheahninate eeqpading td poynef daims. 1, &, eeditcoheteiottbe sitiew fibrg is a
conprising . a wring layer formed in the insulating )
film gpeducedyby theatins aihyarodysisceandansagon prodvt ebtaiopd bshyirelyzing

3 using a dyal damascene nethod. 75
a.nd1 congensi%g at lieatst one compound selected from the group consisting of

comppunds of the following general formulas (7) to (10),
HSi{OR"); N

wherein R! represents a monovalent organic group,
RaSi(OR?)4., 8

wherein R represents a fluorine atom or a monovalent organic group, R? represents a

monovalent organic group, and a represents an integer of 1 or 2,
Si(OR’)s ©)
wherein R? represents a monovalent orggm’c group,
R'(R°0)358i-(R")-Si(OR )R o)
wherein R* to R7 individually represent monovalent organic groups, b and ¢ individually

represent integers from 0 to 2, R® represents an oxygen atom, a phenylene group, or a

group -(CHa)o- (Wherein n represents an integer from 1 to 6), and d represents O or 1.
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13.  The laminate according to any of claims 9, wherein the hard mask layer is a

layer including at least one of a silica film and an organic film.

14. A semiconductor device comprising a wiring layer formed in the insulating layer

of the laminate according to any of claims 1 to 13 using a dual damascene method.
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