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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 f i | AN
which nmay be 5 suitably used‘%ﬁgﬁl orﬂ?zgkgkaﬁg?%g ‘ERSG
| ayer in the manufacture of sem conductor devices,

and particularly to a | am nate which nay be suitably

used tof 1 ' (pORASER ne
ot uct ure AR Y P O RDI ROR TR
mul tilevel wiring technol ogy has been used to connect
wres formed in different layers in order to deal
TEMINICRG alipngy down of sem conductor devices. As a
rel ated-art exanple of the nmultilevel wring
t eCTROpREN iftventibh ed1akes tCalriifatgi of R iniity lafes| widels ny be
first wring |layer provided on a first insulating
suitaBly@ised #heh ForglihBY Stiringliagéraa thid Mandthatbreosfsemicontiector devices,
first wring | ayer and has a contact hol e over the
and\pariici@adaoes landibatamdich mey badnivbly wgdltaferm pwasinglkbger with a
-over the contact hole. In this case, a contact |ayer
dual damsehkgend simchay.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
conductive material for the contact |ayer. Copper has
BAGKGROEMBARTI n t hat an RC del ay can be reduced so

that the operation speed can be incre sedw?% t he .
ot hidrregein yeais; #awldlspreyiring terhwalogyihas boen WifddR Gognect wires

ST b B Eb ReDdSHL E of SHE STl e

R T S

i o Al P B 9k S o ARG U Stertaer
die]g{:tfl:p Sl &mf&mﬁ& Ank wﬁ%agé%d }g@ la%énﬂ@é’hcﬁ& Gty tﬁé’%ﬁir{gflayer,

usi on or copper 1s vent ed. another materi a

andé%?egoﬁcpm ltggﬁ PBVHER bydrad@EontactBRleY C h RS chang cBliitkla)cgﬂ layer

tal ne ng a pol ycarbosi | ane conpound " can

(coftutale (2568 ipiovRidd $h AlcaontRt BOIE (dielec@icBly cOfLt thd Hst wiring
pol ycar bosilane film

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 patent document 1 is produced by applying a film-forming composition to a




10

15

20

25

di scl osed in patent docunent 1 is produced by applying
a filmformng conpositiontoa 1G
105010PC_F- 1333_JR- 60018US, EP, s 335 1§80 S E%SISeJﬁ%gowUS,EP,SG
heating the applied conpositi on I'n"an oxi di zi'ng
at nosphere. DI SCLOSURE OF THE | NVENTI ON However, it
is difficult to control the thickness of the film
suth 3ol Beo U Eapp T TEb AR D IS BligBe dbbiRErs
Obj ect of the invention is to provide a lam nate in
which an insulating layer is provided on a wiring
DI@@M@SUR@@FQT@RWEN‘F@M i ve layer containing copper
and in which diffusion of copper into the insulating
| ayEbwed! acksi M@iduetortdrtity th@Yiitkhess lofdhe &llm #ying figy above
object of the invention is to provide a sem conductor
mefhodi CRIdréwilet) difaghd impfoveinehnig theyed sthbilioe demandhel.
insul ating layer of the above | am nate using a dual
dananobjeet oftthb ddbentdor Ao pestvédeaclaorittite i which ke insulating layer is
i nvention conprises: a copper wire provided over a
proseieil oo rduicing layleajamed wf alcandustive laypecintaigingsopearand bawhich
protective |ayer formed of a pol ybenzoxazole resin
diffusipe of perper thee therinsublating 1gyer gpufaeting the Maringlpger is mﬂycgh
i nsul ating | ayer provided on the protective |ayer
whehaotherzohjgat iof the) igyesition 4s mrﬁ@ée arseprontyuctoy %ﬁvmgncludmg 2

| ayer usjing a_ dual damascene od., The term "colgﬁp
wirifigy éayensferan% iR the igsuating daygr \Mfr‘F g2ho¥FelAn BRIt 2, dual
mat eri al nt ai ni ng copper. 20 The | am nate accordi ng

da“?%‘c?lﬁ’én‘?h ntion may have the follow ng features. In
the,lanminate a cord)}pefl_:);l to.the invention, the

i nsﬁlladﬁnﬁ@ ACLFEMELE {GBYDUOR SPERIE | m or an or gani ¢
|f Inls umf:oé:;tpgr \tmq'? groav%eﬁagv%lr ngrﬁfggﬁaaﬂ:t&r%}tel? Gnd RYGRS hglg]eciﬁchfattem;

yer
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 wire” used herein refers to a wiring layer formed of a
material containing copper.

The laminate according to the inventibn 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




silica filmand an organic filmstacked in |ayers. 25
In the lam nate according to the invention, the

i nsulating |ayer may include [ f
silica film and a second orgg%g%oﬁgé %%%ki%ﬁbé E%@RSG
order. In the |am nate according to the invention, the

i nsul ating |layer may include a

ﬁrs%ﬂé%ﬁﬁr%ﬂ g@ﬁéﬁﬂﬁ da%%%&b% gﬁilé] ind gt@{ed%ﬁ HaF@rdgf

an or a secon I Ca m st ac

th a‘[‘ u L ?{ﬁﬁate Z@&)r&hﬁg’t@ ﬁlte% £i6h ﬁt(a@g’uﬁﬁertc% i3y %'Plta{'cpﬁask layer

er conpri ayer OVI

pmg,{gﬁdloﬁqhgﬁgmggn g)ré In the | am nat e accor di ng to the
i nvention, the po ybenzoxazole resin layer may 5 be

for e Qimﬁlafee&%b&dhﬁthbﬁﬂe ﬁwéﬁﬂﬁﬁmd\lﬁ)l ntzo@tzorerresm layer may
follow ng general fornmula (1), NN -C- X CGY-}-

5  be foknkd 6 a @sil HvingRipeitihg Xniteptiesllbsimd gdneas forti (1),
group selected fromgroups of the follow ng fornul a
10 (2), Y represents at |east one group selected from
groups of the followng formula (3), and n represents

~an integer ,froml to 10,000, I~I~1I~1I~11 XI I XX

I (2) 3 %‘QW@C—F 1333- JR-60018US, EP, SG A/ -X
N

" )

wherein X represents at least one group seclected 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,

XX
OO O Oy

vE




[ [ NV I\ (~x I\ 1 (3) wherein Xl represents a group
sel ected fromgroups of the following fornula (4), 4

j Gl050 10PC-F- 1333-JR-60018 . -

.S@- -0- -O CF3 CH, (4) prd 055&0%@31{@%?%@%9%%3(}
atom on the benzene ring of the groups of the formnulas
(2), (3), and (4) may be replaced wth a crosslinking
group, or may be repI aced with at | east one 5 organic

group whi %kr S se\ }i f\r\ i phati c groups and
aromatic ps gnd rraj [ @ crosslinking group. In
the lamn acc t 0% nvention, the

pol ybenzoxazol e resin | ayer may be formed of a resin
having, as Yin the repeating unit o ETTe

formul a ¢! east\ one P se @ the
groups if t |forrru| ‘@jl ch a iﬂ Jen at om on
t he ze ring rep d wt pt Nynyl group

or a phenyl et hynyl group In the | afn %ording to

t he |nvth| on, the p zoxazol e resin Iayer may be
fornmed l n ha é@d@ ast one group sel ected
from groups he f orrru ( (6) as Y

in the repeatr ng unit of the genera
&> AKX
OO0 4
PO
N X
. @—csc@ ﬂ
PN 4 \iij
D (2

(1). 5

€)

wherein X; represents a group selected from groups of the following formula (4),
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G1050 |1 OPC-F- 1333-JR-60018US,EP, SG ~\ " G CH CCH
CCHCG\ G\ /~/ 1 1 \ GCH KECHCGCH/ CCH/

C-CH\ I -CH d I \GCCH C - 2 C - \ C

6CCH 6 G 105010PC F- 1333_JR—Q6_%81§E@? %E?,c 1@%&@@0@@@3%(}
I\ x CCCCC _C\ ~CbC xI/ 01 XC=C (6) In the

| am nate according to the invention, the organic film

may have a pehative~di-gkech nstant of 3 or |ess.
51n the i pat e #ccdrdilnglito i nvention, the
.m//

organic fil y be
Sy 74 ‘“/0/ \O\_ ”‘/O/
O_O —_/ aw,
i P
—50,— e e _C':— _cl;_

G

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).




formed of at | east one resin selected from
pol ybenzoxazol e, pol yaryl ene, polyarylene ether,
ol yim de, and polyamde. Int
?heyinvention, ?hey3|llca fil Eﬁo&ﬂ@bﬁ@ﬁﬁ3%§ﬁﬁﬁ%§@b§%PSG
105010PC _F-1333_JR-60018US, EP, SG produced by heating
a hydrol ysi s-condensati on product obtai ned by
hydrol yzi ng and condensing at | east one conpound
sel ected fromthe group consisting of compounds of

the fol | Qang g&\ /4 (7) to (10), 5
HSi (OR fQM? ) %& qepresents a nonoval ent
organi ¢ Qr8, |10 wherein R

represents a quorlne atonlor a monoval ent organic

group, R2 represents a nDnovaIe group, and

a represents.-gn int r of els Wac=£8) 15
wher ei esen| ofoval en gan¥t group,
el ( p erein R4 to

R7 |nd|V|duaIIy repr esent nDnovaP‘ ox.gani c groups, b

and ¢ ngd|V|duaIIy \[ rese integers fromO to 2, R8
repr esgnt n gxyge :256ﬁ1 henylene group, or a
group - mher n r-- esent g a eger from1

to 6), ‘and d T prédsents 0 or T 1 hni S8
according to the invention, the hard pask- |l ayer may be
a | ayer ¥ Hcl TE one of ‘IUIC- filmand

an orgaEL, Eﬁgﬂ:ﬁf nate Actd

inventiongbﬁﬁﬂuﬁesmﬁhéﬁprot eLi ve

pol ybenzoxazol e resin whi ch

uppen\ fac__zfj&h Qg@%zﬁ__
TN

C_CH

X
\
/\\_,,{
clal
~T X
\ /
S s
I
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wire, and the insulating |ayer provided on the
protective layer. Since the 8 G

105010PC_F-1333_JR-60018US, ER, %é&oﬁylﬂ%gztﬂ%(@g@sgs EPSG
resin layer exhibits a lowrelative | ectTic

constant, a high density, and a high glass transition
terrperature diffusion of a netal (e.g. copper) as the

nateriah<§gor t ayer can be reduced.
Therefoﬂséghe qanwﬁatg gﬁsﬂ g to the invention
al |l ows preVisi o whi ch includes a highly
reliable ins |ng to a reduction in

di f f usi on of uper o the ulating | ayer. A

sem conduct orsdevi ce cord| o the invention

conpri ses a W ring Iayer formed in the insulating

DESqRI BTT Oy ' &BcFI G |
sche d:_cca '

accordlng first e
schemat i cal showi ng a second
exanpl e FI 3is apla i ew schematically shovm ng a

| a cor di 15 exanmple. FIG 4 is a
cr@ss s cti onal Wsﬁ@tl cally showi ng a
se e aceOidi ng tag-~qne ephodi nent of
t he |nvent| o BEST MODE FORACARR '
| NVENTI ON 2 Lami nate T e @bed
exde FI S
”,&a I nat e

Vi ew

belowin nor tall vvlth re ren
The | accor to t he |nv‘ t]

whi ch 6 when mng a copper
wre a ed W he Br Wire

using a ‘- sc ne rret s fl strure of the
| am nat e an y e formn Iamnate are

©

In the laminate according to t.he invention, the organic film may have a relative
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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25 described below in that order. (First exanple) 9

G1L050 | OPC-F- 1333-JR-60018US, EP, SG A |l ani nate

according to a first exanple i i be elo '

reference to FIG 1. FIG1 is Czlq:%r%g@g?gggelgigojr%}%%%%’ERSG

schematically showing the | am nate according to the

first exanple. As shown in FIG 1, a wiring |ayer 20

Bty C | ¥&onBURaOE pfoduer GRRREH 'bgrochﬁbl b#dg and

pmﬁg{ erl aﬁgﬁt@gp%)gg%ygﬁﬁc#ﬂa rfs:’%lrlst Plfbnélu‘i ating |ayer 18, g an

corfdBfsife R 10A% Ohé XgT}éézlﬁMeJele%%di PorR MRV AR comidtihe d@icbifggunds of

ayer- 20. A sin [ ayer second inSulating | ayer
the fSIRVRY i8Rda1aBroblSs @) &3 @b, ve |ayer 30, and a hard
mask | ayer 50 is provided on the second insulating
| ayer 40, as required. A polybenzoxazole resin |ayer
is used as the protective layer 30. The details of
t hegggORdgnzoxazol @yresin layer are described later.
10 A silica filmor an organic filmmy be used as the
second insulating | ayer 40. (Second exanple) A
| am nate according to a second exanple is described
whéreindR/ septebented soeocdent orgagicgrogp, FIG 2 is a
cross-sectional view schematically show ng the
| am nate according 15 to the second exanple. The
| am nat e according to the second exanple differs from
t heRiSi(@Rame accor@ng to the first exanple as to the
configuration of the second insulating |ayer 40. The
difference fromthe [ am nate according to the first
exanmple is descrihed below. As shown in FIG 2

nad he

whefpin R Jeprgsars 2HupBRaaQmLPr & TOHAR] giganisyRpurhR Frepsgents a
copper -cont ai ni n terial is.provided i,n the first
mof BP0t P AR RE RS oager 50, t he
second insul ating |layer 40, and the hard mask | ayer

50, as required, are provided on the wiring |ayer 20
in §i?@f{3)9r der. In dg?m nate according to the second

wherein R’ represents a monovalent organic gfoup,
R*(R%0)3.5Si-(R%)¢-Si(OR%)3R . (10)

wherein R* to R’ 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 -(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

wire, and the insulating layer provided on the protective layer.  Since the
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exanpl e, the second insulating layer 40 is fornmed of a
plurality of layers of different materials. FIG 2

shows the case where the seco el | AY 850140 'ﬁPSG
formed by 25 stacking an insula |ﬁgﬁ¥gyé¥@%0a ?%rneg

of asilica filmand an insulating |ayer 40b forned

of an organic film FIG 2 shows the case where the

pol#;&?:% i)l%%:él?)i er %Qﬁlblté‘ql 1%@%1;1&9 didiSctMé ChikGark 2Y Bigh2&ensity,

I Ca hat the invention is not

andI d l'f'i‘gﬁ ?E\ss &Qns%ﬁ@mbgo fﬁrDe m%%ﬁ@%&y§ ERopSEP) as the material

The 1 nsul ating 1 ayer 40a may be an organic
for fthé: Rond@Reivé NSyek NaH| R ddicé®Y EMhefldbre fiiBYlaknate atddrdidg to the
ilm (Third exanple) 5 A lamnate according to a

1nvéﬂlioh¢]l@%§$ﬁiv@k1¢r§oﬂeﬁﬁﬁhéle &vhided iavtudést hhighlyeekatdeinsolating film

FIG 3. FTC, 3 is a cross-sectional view schematically
duc¥bavwedigtibh & diffasioabeceppeninds thg indudatinldaitehi r d exanpl e.

The | am nate according to the third exanple differs

f r o seicontastom d¢vece acarding go ttbe tilmenfion sbmpxisesph evissg layer

to the configuration of the second insulating |ayer
formed inTthe indiikafieg byerofithosbaviedambmterising adusd danaggeromethed.

first exanple is described 10 below. As shown in FIG

3, the wiring Iayer 20 fornmed of a conductive |ayer of

a copper-containi material is provided in the first
BRIE%DEEERWW@F I DRAWBNGSecti ve | ayer 30, the

second |nsulat|ng Iaxer 40, and the hard mask

50 108 1ot PRechicutr EhomAdkA o AT GIcRUE tap first

in that order. In the lam nate according to the third
exal.’f‘fa’leexarrpl e, the second insulating |ayer 40 is forned

ﬁio Eég( gl,pg%l%weyvn ég(aé]ﬁgpthg\eﬂ rf@ﬁam”%g”%r %1%%%5;:1% :5 Qgcond

exa ond insulating Iayer 40 is formed by stacking the
Flﬁsul ating | ayer 40a, the insulating |layer 40b, and
an t ’ Ay MabwAledS lamihBe AsiidY td third
I ayﬁgr@:@fgg Q%H ﬁ%ﬁ Sglélée}ﬁa &H, ? gd aor or gani éﬁé 8
exa{n:p' and the insulating | ayer 40b IS an organic
m (or silica

FIG. 4 is a cross-sectional view schematically 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 laminate according to the invention is a laminate which may be suitably used when
forming on a copper wire a wiring layer connected with the copper wire 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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20 film. In the lamnates according to the first to
third exanples, the protective layer 30 forned of the

pol ybenzoxazol e resin | ayer

t he upper surface of the mnr|§§08§9§%953%3$ﬁg{&ﬁﬁ%[E;EPSG
pol ybenzoxazol e resin | ayer exhibits a low relative
dielectric constant, a high density, and a high gl ass

trang Hnluﬂﬁketa@m&'hgtt?‘ g?i:ésrt%gﬁ@%ﬁg Eeesc%!r}(gdvlgtﬁ?w ?{ Ference to FIG,

formng the wrin

1.baitag 1 di Bf s@dbeliidi R;ia%v s&ﬁﬁﬁﬁgalgrnﬁfé@ﬁg AR fafflte %9coramg to

As a result, when applying t m nat € according t
théhfssexﬁﬂig@_di ment to manufacture a sem conductor
device, a highly reliable sem conductor 11 G1050

10OPQx~shdwhs 3n FRGO Q0 W8 WRikP ayef> 200 in6@ dFad cBﬁdtR*tlQM'lﬁiﬁéi{ of a

in which wring Iayers are sufficiently insulated.

coppareioftairdfiginigeriadid paovidedn@ 4 #y rissull @ing 1agert 18 and a protectlve
[ am nates according to the first to third exanples are

layer 649¢ prdvidbdomel thevwidngd laydy 20.ngAlsipto-layéresesinid hguladygtayer 40
20 has a specific pattern. As the material for the

is wraviideg drayter proROfiva ldyendA, ewhduetd waskrbtyer i58l is qaoviied on the
given. The wiring layer 20 includes copper. 10 The

seqgindi ingplatingdaya 0tOn e tequired b e Afiwl yhedzaxfazale sesig llayemixt aded as the
| ayer, and rm>{_ have_a stacked structure with a netal

Prﬂﬁtttwed@yqr a0er The defaileobibe polydpentoxpeaie resin lexemgse égsczﬁﬂ)ed later.
the wring |layer 20, a titaniumnitride |ayer,

A silien faloy, o5 #y ?rgwa@ filgyaay bedisadphiimseennd Ansukatmgrieyer |48y
| ayer, copper, a copper alloy layer, and the |ike can
be given. The wiring layer is fornmed on a conductive

insulating layer. 15 2.2. Protective |ayer

| a n
(Sefﬂégﬁ’fad’?%@ ive |ayer 30 prevents the netal forming the
W 'Anﬁnn@fg CC%QdiIflé %" second example is described below with reference to

FIG. 2. FIG. 2 is a cross-sectional 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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being diffused into the insulating | ayer (not shown)
formed over the wiring layer 20. A pol ybenzoxazol e

resin | ayer may be used as_thegg(%@tﬁﬁg%g?%éﬁrma%tj%ﬁSG

2.2.1. Polybenzoxazole resin | Nzoxazo
resin layer according to the invention is preferably
formed of a polybenzoxazole resin having a repeating

the@bt ke ol | 0% A HERRE h PR G st 400

araif fikepr esents at | east one group selected from

oups of the followng formula (2), Y represents at

| east one group selected fromgroups of the follow ng
fornula(3) and n represents an integer from1l to

(THiR1 SQfhpld | X, | X, ,01 (2) 134 G
105010PC F- 1333 JR—60018US EP, SG | | (/\ I \ (~XI

\' | Allafndate %tﬁihﬁh? Xl ﬂlﬁﬂrﬁﬁﬂp?léls&ie@dilﬂibﬂ b obiftd rdferefive to
groups of the follow ng fornula (4).

FIG 3. FIG 3 is a cross-sectional view schematically showing the laminate according

to the third example. The laminate according to the third 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 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 polybenzoxazole 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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14 GL05010PC_F-1333_JR-60018US, EP,SG \CFJ 0 ~0/ o o C
F3CH3 SO2 -0 C-c CF3 CH N6 (4 A hydrogen

atom on the benzene ring of t r he, f

(2), (3), and (4) my be rgpréw%a?%‘?ﬁ@ 2332*#@%&%%%}’5@
group, or may be replaced with at |east one 5 organic
group selected fromaliphatic groups and aromatic

rou and .havi ng..a crosslinki ' . npl es of

do Qi AR R B STl S R Bl ey IR ™ o T
a propyl group, an isopropyl group, a butyl group, an
i sobutyl group, a t-butyl group, a trinethylsilyl

9 gro#%ﬁé%ﬁmngtrlg%ﬁg yl group, an adamantyl group, a

cyc oup, and the like can be given. As
exa f ifatddl i &A@k are
EhorTy BB e TRk RO TIPS B QIR Phumne
desBFfiddbel@i0oups having a carbon-carbon doubl e bond such
as a nal eimde group, a nadimde group, a vinyl group,
and a cycl opent adi enyl group, groups having a
carbon-carbon triple bond such as an ethynyl group, a
2.1phewitigt layayl group, a naphthyl ethynyl group, an
ant hryl ethynyl 15 GL050 10PC-F- 1333-JR-60018US, EP
SG Tigr wiring layayB0rimk wl spedifinphttgnouAs tlze material for the wiring layer
gui noxal yl et hynyl group, an al kyl ethynyl group, and a
20, pr lopanmggandectiver magenalpgansbebgipere nyThenwiripgdaypsr 20 imghudas eopper.
group, and the |ike can be given. |In particular,
Thawiringdayen20mged netdrebiormed pHa pinglei petal lppridand ipy Baveghstacked
ethynyl group and a phenylethynyl group are .
strustusd wiithi wetairpitddq Iageroves metpd Oﬁ@'gtla%si Ef graaples of the wiring
resul ting 5‘polybenzoxazole,resin. ) ] ;
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

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

N N
VAW
G X c—Y:
\0/ \0/

" o e
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The pol ybenzoxazol e resin |ayer according to the
invention may be forned of a resin having, as Y in

the repeating unit of the geneérf[#1 Ofl&gw ?33(313]? 6@518US EP.SG
| east one group selected fromthe groups of

formula (3) in which a hydrogen atomon the benzene

ring is replaced wwth an ethynyl group or a

phenyl et hynyl group. 10 The pol ybenzoxazol e resin

| ayer according to the invention may be fornmed of a

whﬁféﬁi ﬁ ?Péféﬁgs lledspon m%flﬂl% R fﬁﬁ‘ﬁ %ﬁ;u?g of El%qoﬂf)ﬁrﬁ%sformula

omng fornila (5) or Yinth
) ?neé%&(eséﬁes atrlbést eﬁe gf&peerée{ealfr&ﬂ rgm)yp\a 8@ lalie {i')ll-lbwnﬁg forﬁﬁld (3),
ancﬂ&rep@#ent@ahﬁﬁ%érﬁ@ﬁll%mﬁo\C'CH S I Y A OCH
C-CH (5) 16 e L G

105010PC F-1333_JR-60018US,EP, SG \ | C\ | c \

oDl
OO Y Oy

SRR

()
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cC \VI\ xI\V'" C/] ~c-C~CC/ cl ~1 ~1 CCC=C
X I ~c\l 0~ (6) 2. 2.2. Polybenzoxazole 5 The
pol ybenzoxazol e used in the iQﬁ%BbﬂﬁQ} 3DeIR-60018US.EPSG
synt hesi zed by reacting a bisam nopheno canpoung ah&z

a di carboxylic acid using an acid chloride nethod, an
active ester nethod, condensation in the presence of a
dehydrati on condensi ng agent such as pol yphosphoric
aci d or dieycl ohexyl carbodij mde, or the like. 17 G
105010PC_F- 1B33_pR- p0018 SG Pol ybenzoxazol e
having th epeagiigfgi' he general fornmula (1)

may be obtai ned by reacting a bi sam nophenol conpound
havi ng one group selected fromthe SLHD t he

! 5 O
formul a f okpi ng st ruyeydure @ ..@ by X in
the gendral| flormula |(1) angl a|di carbg ',\gcid
having o grodp sel eefed fr the ¢ L\:he

formula 5 (4) formng the structure presented by Y

in the 9¢ er al fornuk\ (1). The bi sphenol conpound and
the dicgrb aci CIHﬁ)ﬁ:ifor synt hesi zi ng
pol yben z havi he repéat i n' t he

general fornula (1) are described
Bi sam nophenol conpoun
BN

SEOSINS \/é -

3)

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

14




10 .

As exanpl es of the bisam nophenol conpound, conpounds

contai ning dihydroxybenzene such as

2, 4-di am no-resorci nol and

2, 5-di am no- 1, 4-di hydr oxybenze%le%o%l%%nl? %%Sgh%%GPOISUSEPSG

conpounds contalnlng di hydr oxy- bi phenyl such as 15

3,3 -diam no-4,4'- dlhydroxy-blphenyl and

3, 3" -di hydr 4, A>ad] amn ptienyl ; bi sam nopheno

conpound onyai ni dr@x phenyl ether such as

3, 3' -di am n6-4, 4' - dhydf oxy<dl phienyl et her; conpounds

havi ng a fluorene skeleton such as

9, 9-bi s(3;3m no-4 hydrox -QpenyL;quorene and- 20

9, 9- bls(4\( dr exy) - phe en fl uorene;

conpounds blna hal ene s et uch as
-bis-(4- an1no 3- hydr oxy- phenoxy) -1, 1' - bi napht hal ene

; conpounds containing a sul fdfie group sfieh as

3, 3-di am no-4gd-- di hy€exy- dlpﬁénylsulfodE* 25

bi s(4- (4-ani no- hydr oxy) - phenoxymphenyl)defone and

bi s(4- (4- hydr oxy- 3-am no) phenoxy- phenyl ) sul fone; and

compounds copt ai ni g‘fluorine or a quorinated aIkyI

o

|nd|V|duaIgv
compounds

t hese conpounds, oOfie Oor nore bi sam nopheno
sel ected fromthe conmpounds cont ai ni ng

di hydr oxybenzene, the conpounds having a fluorene
skeleton, 5 and the compounds havi ng a bi napht hal ene
skel eton are @refergbl®. This inproves the heat

resi stance of esting pol ybenzoxazol e resin

j “)

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 triméthylsilyl 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




10

As exanmpl es of the bisam nophenol conpound cont ai ni ng

a crosslinking group, bisam nophenol conpounds

cont ai ni ng ethynyl(phenylethyQ%b%oﬁhQ§@hﬁg§hﬁ9§mﬁ%6§Im?SG
as

2,2' -bi s(3-hydroxy-(4-am nophenoxy) -6, 6' -bi set hynyl -1
1'-binaphtha|ene and 10

eofy NI R AR 60 gl a8
T8 PRy e b

In h'ik% ok having a carbon-carbon triple bond such as an ethynyl group and a
ﬂ& g ﬁﬁBP%j“?éay 4- anlnopheA%xy) blspheRQ %hygy

phelnyl’éﬁﬁlﬂ?ll’%kbﬁﬁ e preferable This improves the heat resistance of the resulting
-bi's ydroxy- 4- am nophenoxy) - 2- phenyl et hynyl naph

poliBtak&neokRRekid.5

1 5 bi s- (3- hydr oxy- 4- am nophenoxy) - 3- phenyl et hynyl naph
ilybedizeaEbRapdie hler acuvpding ds theantvaitionmgpy be formed of a
hyny (phenylethynyl) fluorene such as

resifl, Havinigs agt Y( - thy depeasing vaitiofi ofpch genexal ) fptmewlg | (1 R, a¥ ldaistsongt roup
ynyl - fl uor ene,

sele@ted-fors tHMe g@uhy df theyformulei(Aojphehish 2 hyideeren-g2om-dyi the hhazene
nyl et hynyl - f| uor ene,

ringgis Sephicsd 3vitrdmashynyh gevupyoy 2 pheailethy 1 Zréips - et hynyl - f 1 uo
rene, and 20

9, olhsi oy ghearexeols TRsH ﬂwy afm@e‘hyg fa thengmsiop e ectoRyag of a
res1|g{ha‘|§a§§ |rate negmggﬁmﬂﬂ? %g%%%gor@ggﬁ dlg‘s‘f;) ggviarllg Ilongula (5) or (6)
h - 4-et hynyl - b ,
a5 Vo et Gl Sl A RIATRRERE) - 3 e penzene,

zene,
1, 4- bi s- ( 3- hydr oxy- 4- anmi nophenoxy) - 3- et hynyl - benzene,

and 25 .
1, 4- bi sﬂ\( 3/j( hyd?%x%-zl/faoxy) 3- phenyl et hynyl - ben

zene; F corfpoueis_gont ai ni ng
ethynyl(pheny et hyfiyf') - di phenyl et her such as

3,3 -di am no-4, 4 dlhydroxy 2- ph-m | et | - di phenyl
et her \49 4] ;31050 @ -SGH
3,3 -| Wb y-§- phenyt yl - di phenyl
et her C_GH =
[j_oc—cﬁ j— -Q\CWCH —C=CH
C=CH/D IjCCH
O Ak
C=CH
Ol o
A C'_CH / = /<'CEQH C=CH

&)
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3, 3' -di am no- 4, 4' - di hydr oxy- 6- phenyl et hynyl - di phenyl

et her; bi sam nophenol conpounds cont ai ni ng

et hynyl (phenyl et hynyl ) - bi pheny

3, 3-di am no- 4, 4' - di hydr oxy- 2- p é‘i@ﬁ@fﬁy F3hTBIGANIAUS BESG
5

3, 3" -di am no-4, 4' - di hydr oxy- 5- phenyl et hynyl - bi phenyl ,

and 3,3" -di am no-4, 4'

-dihydroxy 6- phenylethynyl bi phenyl ; bi sam nopheno

conpoun cont ahbi NG~
et hynyl ( e yI e hy yI |p\/. sulfone such as
3, 3- dlan1 Sedy 4™ g%y\ di phenyl et hynyl - di phen

yl sul fone ,
3, 3-di am no- A d| hxy 6, d| phenyl et hynyl - di phen
yl sul f one, an

3, 3- dlan1no 4, 4' dlhydroxy 2,2 dlphenylethynyl di phen

2,2-bis-(3-
pane, Vs -
2, 2- bis (3- droxy 4-am -6 phenylethynyl-phenyl)-pro
pa 5
-b|s|(3 an1no@ dr x 2- phenylethynyl phenyl ) -pro

pa bi \apacnopﬁ ds ¢
ethynyl(phenfi:jhynyl) phenyF::f
as

2, 2- bi s- ( 3- antio- 4- hydr oxy- 6- hy

oprop
2, 2-Dbi /?E h%?r y-B- phen ethyny henyl) hex
aquorEQnga e

2,2-bis-( dr &= 4- an1no @= t hyn henyl ) - hex
af | uor oprop ZY5(0

2, 2-bis-(3- dr oxy- 2- nylethynyl phenyl ) - hex
af | uor opr opane; and t |ke can_Xk : These

co ds nay use i ndi

cognggTFﬁﬁ ﬂﬁﬁ%? O the o-aounds, one
or nore blsan1hgphenol conngEE {0l igg a 25

crosslinking graoup-.sel ecte 'h9» pgunds
containing eth (phenyl et hynyl napht'.lene and the
bi saT nophenol c bounds ™ cont ai @7 7 o=

O pig]

G—C

relire

©)

2.2.2. Polybenzoxazole

The polybenzoxazole 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.
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et hynyl (phenyl et hynyl )-fl uorene are preferable. This
allows a crosslinking reaction to 20 G

105010PC _F-1333_JR-60018US, EP, oy .

t hr ee- di nensi onal networ k by H%gnggﬁgﬁgub%JﬁiGOOHﬁﬁiERSG
pol ybenzoxazol e resin, whereby the heat resistance of
the resulting pol ybenzoxazol e resin can be further

| PRGBSt g HoCRRERIAI FENE, ey KB €6, B ve
obtéi_ﬁ?(? ﬁg E%;I{c'éig% %ﬁ%@%@%@?@f &g'hn%tlﬁmﬂqia?in.g orfe group selec.ted from the
groggs?céfsamﬁ g%ﬁ%@?) gl&glﬁfel% gl‘ﬁgﬁtltlﬁfré %ﬁ?ﬁ%bﬁkﬁd A SRIPRY ebh&al formula

skel et on such as

(1) 4nd a- BLAPERN I HeRPh PR baS gRmbGelected from the groups of the formula
3, 4" - bi phenyl di carboxyl i ¢ aci d,

(4) ordiin %tﬂ%@ﬁﬁ?x’thfﬂ 1eplchaxed BEY 3k itd gehbral formula (1).
4, 4' -Di s(4- car boxyphenoxy) bi phenyl , and
4, AThdbBpEenoRehapotpdemaxye icattmirylic acidicoapband forcsynthesizing
aci ds havi ng a napht hal ene skel eton such as

polihehzoapblrahamed iwardpeatinigi enit @fithic general formula (1) are described
2, 3-napt hal enedi car boxylic acid, and

bel@y.6- napt hal enedi car boxylic acid; bisbenzoic acid such
as 4, 4-sul fonyl bi sbenzoi c aci d,
3, 4" -sul fonyl bi sbenzoic acid, 3,3 -sulfonyl bisbenzoic
acid, 4,4'-oxybisbenzoic acid, 3,4'-oxybisbenzoic

2.2 3di. Bisagrigpphesolzogipowsd, bi sbenzoi ¢ aci d; :
bi s- car boxyphenyl pr opane( hexaf | uoropr opane) such, as
2, ZA%PWWfBB‘?&‘é‘PF@W?PI}%PBﬁ%@“nd: compound§ containing

. 2, 2-hi s(3-carboxyphenyl ) propan

dlh)éd,@-‘ﬂ?%%%-eéﬁ‘f}bw%g Pg’ﬂ"e“)? 1 propane, and

s o I A
. 9- hi -(4- .
ool s STERSABE IS 880

29,:9- . T E! ER- : . .
22§14 3 ST YIRS S S0 samio i

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-phenyl)fluorene 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

"compound's containing fluorine or a fluorinated alkyl group such as

18
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di carboxylic acids having an adamant ane skel eton such

as 1, 3- adamant anedi car boxylic 25 acid,

2, 5-di net hyl adamant ane- 1, 3- di car | ¢ Al .
2,5-dipheny|adanantane-|,3-diggpggﬁé##§‘Q%ESF{Q%HSUSJmRSG
2, 5-Dbi s(t-butyl)adamant ane- 1, 3-di carboxylic acid; 21 G
105010PC_F-1333_JR-60018US, EP, SG

22 R SRR ORI o FRAR By Ut rhesc compounas
madbdusdd thdr iGN mgtaleﬂloamm%a&oﬁr& §¥%t mor@nd the like
tan"be given. These conpounds may be used eit her

dhyy ihgk@édr%ﬁ?ggldé, Bne 6PHBI WkdrRiRoenbV @ oudBE SlechedFrom the

in
t hese conpo one or nore dicarboxylic acid

co QUOHRiRRE %ﬁiy@fbx{yﬁ&%né, hge %ﬁﬂ?ﬁ#ﬂﬂﬁﬁa & Agomne skeleton,

I sbenzoi ¢ acid 'skeleton are preferable. This inproves
and'th€ copRmas AaviRE a biiRpMALKRE fetiar HePréfegbR. | Therimphoves the
exanpl'es of the dicarboxylic acid containing a
heaCfe@B&ht the r@uBMp polybbiyoxytdbtdial.i c acid such as
3-ethynyl phthalic acid, 4-ethynylphthalic acid, 10
5- eAdynaplesahhdbikaginaphahol 2ommpdund\coheintghs takslmkarg group,
and 3-ethynyl terephthalic acid;
bisamtinyphenohaymipoahdnamitcaing esthynykpleoytthysyl thigaphthalene such as
2-et hynyl -1, 5- napt hal enedi car boxylic acid and
2,2°3bie3Ayydlyoxyi(4saminppleabeyieb chisptbyyylilsl dynaphthalene and
di et hynyl - bi phenyl di car boxylic acid such as
2,2’ 4big*(3-diydnowy-aplingphenoy)-Sriyis-shenviasexayi-l d -bingphthalege;
5,5 -diethynyl -2, 2" -bi phenyl di car boxyl i ¢ acﬁg; 15
bisagnispRhenBlSOPRONAdS SATEHRIAG Y RpiReEy StiyRydnaphthalene such as

kit
' -etlh | ph [).h fl h

1,55@%&%@@%%%%@0@}%?%ﬁ%ﬂyﬁ?ﬁﬁ%’?ﬁ%,%é%f% pane

1,5 'gfnSZ(-?’ IS PR En Y g RICBHETY nglﬁzég(hél%z}lﬁng 7 %%dr opane;

1,5-bis-(3-hydroxy-4-aminophenoxy)-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-cthynyl-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-amiﬂ0phenoxy)-3-phenylethynyl—benzene;

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

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

19
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20 (et hynyl -phenyl)-phthalic acid such as

5-(1-et hynyl - phenyl ) -i sophthalic acid and

2- (1- et hynyl - phenyl ) -t er epht hal,| (1o W )
phenyl et hynyl pht hal i ¢ aci d sucﬁl§§%%b8¥F1333JH{GWHBLEEERSG
3- phenyl et hynyl pht hal i ¢ aci d,

5- phenyl et hynyl i sophthal i c acid,

3 2N S SO ) g cr,anc
NYik ' b i I d h
s SUERMELL e o B ERAIGRIL I Faol d such os
S L
3,ﬁdﬁhﬁﬁ’d—@,ﬁe—ﬂﬂiyﬁfd%)ﬁ@f;h&y?éthﬁﬂlﬁﬁﬁ%ﬁj carboxylic acid;
bi s( car boxy- phenyl et hynyl phéenyl') propane such as

3,?-7cﬁalﬁi'n§(424’Qﬁhﬁﬁ&ﬁ—?—}:@j@ﬁﬂ&ﬂhﬂﬁﬁ)ﬂﬂ dARERME ) Pr opane;
bi s(car boxy- phenyl et hynyl phenyl ) hexaf | uor opr opane such

3,3slidmino-4,4’ -dihydroxy-6-phenylethynyl-biphenyl;

2, 2- bi s(2- car boxy- 4-phenyl et hynyl phenyl ) hexaf | uor opr op
bisaméjophainéd ryinebimds ebataindmpetiipdyt (phbndethgnyd)-diphBnydsul fone such as
5- (1- phenyl et hynyl - phenoxy) -i sopht halic aci d,
3, 35dip@inmivb A it bty tnomy-16; 65 ibplesny leth ymy b Aiph eyl face o,
5-(3- phenyl et hynyl - phenoxy) -i sophthalic acid, and
3,32dlem1rwbﬁyd@nffhyoﬁyi@t%ﬁbplmybeth}@mefbimhhwlaiu&foaai agd 10
di carboxylic acids having an acetyl ene skeleton in the
3. 3ndrmine-bd sdibydresy-2% slisheayletybykdiphenyhaligaesuch as
4, 4" -trans-di carboxyljc¢ acj

bisgmipopheng sogpeids seRtpining féb)?laf?(ggw&?tbmm -Phenykprppane such as
2B o P S
2RSS LSRR S Bl L " e

2, 218 A h JHBL) Y -ind B RANBSh}135heRln PiSha0E, A" ©-
_2,2—bis—(3-amino-4-hydroxy—2~phenylethynyl-phenyl)-propane;

bisaminophenol 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.

Of these compounds, one or more bisaminophenol compounds containing a
crosslinking group selected from the compounds containing

ethynyl(phenylethynyl)-naphthalene and the bisaminophenol compounds containing

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

20




10

15

20

25

O these conpounds, one or nore dicarboxylic acids

sel ected from ethynyl phthalic acid,

phenyl et hynyl pht hal i ¢ aci d,

(phenyl et hynyl - phenoxy) - phtha|?€05%%¥g}gH§83<H%6001gPSIﬂ?SG
This allows a crosslinking reaction to occur in a

t hree-di nensi onal network by heating the

oc@ﬁ’lj mqqm%e)&ﬁﬁeﬁsﬁ)ﬂaﬁﬁét%gwﬁ@a%g%&%hzéﬁ%b%&% feby

he 20 resulting pol ybenzoxaz €sin can
thé H QsREhnce oPthé réultRASARN Ak aS SITREHN earl Bt fultBer improved.
invention, in order to inprove the storage stability
of polybenzoxazole and pol ybenzoxazol e varni sh, an
endcappi ng conmpound may be caused to react with the
2.25.2t Ptoaibaghliodci he pol ybenzoxazol e resin when
synt hesi zi ng the pol ybenzoxazole resin to endcap the
pol visenzamphs of eher dicdirboxylis aeiiasvpipeand)fphtiadic asidcagipang
conmpound, phthalic anhydrides such as phthalic 23 G
iscpBBRLORGE; tEPBthdR: 860,18 06yrosPphtSaic anidyaddi de,
3-et hynyl - pht hal i ¢ anhydri de, and
2,35, ptietmafluerdigmphthplin acid;i ¢ anhydri de, acid anhydrides
_such as mal ei ¢ anhydride and ] )
dl@%ﬁh@ﬁ@ﬁ%h&’l@- %Jbl@hﬂt)d witlpton audhyasrd, 4 ehiphemyldi¢areoxylic acid,
onmpounds such _as .ani | |ne 4-eth nylanlllne .
§¢ and

3,45 Patgiariony i bribmpenidigaym i
4 4 g %1%}%4»%'3 biphfH¥bcing et g@g{g;’%@g%&gg@bﬁpﬁggﬁs
dméb\?’g}aﬂcoﬁ e%@%ﬂ%ﬂ@%&ﬁ%@ﬂaga oAt %‘gmyyc
acif 2 BanhRRed ARk Pafl s Hab Grls it g AgRe

bis %%C&Pﬁ%ﬁ r,ag:]kﬂllli%ngl%ﬂge ollcaac‘f@erﬁgrkgﬁ?{lgggpéryﬁ% acid,

are pre

3 3‘@@‘?‘”3%362”32 %y JL Ly ﬂxiﬂ] 1RG4 48053 2134 b'?s%'éﬁ% ﬁa&é{ and

heat i enzoxa e resin, Wher

3r@§y}§§@ﬁgﬁcg&dt he resulting pol ybenzoxazol e resin can
be 1 nmproved

bis- carboxyphenylpropane(hexaﬂuoropropane) such as

2,2-bis(4-carboxyphenyl)propane, 2,2-bis(3-carboxyphenyl)propane,
2,2-bis(4-carboxyphenyl)hexafluoropropane, and

2,2-bis(3-carboxyphenylyhexafluoropropane;

dicarboxylic acids having a fluorene skeleton such as

9,9-bis(4-(4-carboxyphenoxy)phenyl)fluorene,
9,9-bis(4-(3-carboxyphenoxy)phenyDfluorene, 9,9-bis(2-carboxyphenyl)fluorene, and
9,9-bis(3-carboxyphenyl)fiuorene;

dicarboxylic acids having an adamantane skeleton such as 1,3-adamantanedicarboxylic
acid, 2,5-dimethyladamantane-1,3-dicarboxylic acid, |

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

+2,5-bis(t-butyl)adamantane-1,3-dicarboxylic acid;

21




10

15

20

25

2.2.3. Preparation of polybenzoxazole resin 15 The
pol ybenzoxazol e resin used in the invention is

obt ai ned by subjecting a poly

precursor, which is obtained #?@ﬁﬁﬁﬂﬁf%lggﬁﬁﬁ%%%nggSEPSG
conpound and the dicarboxylic acid conpound using a
synthesis nethod such as an acid chloride nethod, an

bls%?&,o}{ﬁﬂﬁﬁ@ {dﬁ%ﬂ ﬁn&é%ﬂgl?st‘at' on in the presence

enS|ng agent such as

h
44 0RIRI ﬁ%@é@?—k’%ﬁ%@ AP S B iy
andRfé MQ@%@%%@ raRbdchRfunas ﬁfaﬁ bk %sé&’éiﬁﬂe? ﬁfdiﬁ@ually or in
reaction, a nmethod of heating the pol ybenzoxazol e

Cmﬁ@ﬁﬁﬁmgﬁ@@ybﬁﬁbngt 150 to 450C for 5 mnutes to 24
hours, a nethod of applying ultraviolet rays to the
pol amemmpﬂuﬁdg %k Br RIGACHESDOxylR JeRt dipshboahdagidcyddfiom
el ectron beans to the polybenzoxazole resin

the P6IAHOIIRIO haviapd bisbenidiksrid giteldion giegoterable. ASThigingpravaitiee
of the nethod of producing the pol ybenzoxazole resin

adhpsiec of the polybsexbxazold tesin layent i on utilizing an acid
chl ori de nmethod, the dicarboxylic acid conpound such
as Asopnphsl dfchadicarbaxdicectbemtaihing mydrosshinking gwupy e
reacted at roomtenperature to 24 G

ethyngihil@iic aFidiszgiz ag 3%63001]811@3@30@@~efh5uylphth@hféaq3¢,e sence
of a catalyst such as N, N-dine | f or mam de. Aft

-etémﬁ@pbhthﬂg? acith@- @hﬂ‘é’i@f@hﬁh@hﬁjf PCI rindrd ﬁéywtemfhahg acid;
under reduced pressure, the resjdue i tallized .
ethymybrpihalgacdisabayBn adds Hekand- AR WH@E@@H&I‘%"HIE acid
all h d chl de of th
andg gl‘ >30 P%Pt‘&’\é\hr&%tc@#z’é nacai ! Thg bioglamengphengl
diesb TR TR g5if SO SRR eyt

PR SRSy ISEY -2yl dore o
. bis(%g@ﬁgﬁﬁylﬁh&ﬁgﬂgggﬁ@ﬁﬁﬂ‘AF] g{%etflé(ze&rﬁ&y?éixm?ﬁﬁgﬁe}nyl)propane

sam nop ound

and DD 2a$a915 elﬁeﬁéﬁﬁphéhy‘i)&}?op‘ah@sence "of an aci d

acce p or su
bis(carboxy-ethynylphenyl)hexafluoropropane such as

2,2-bis(2-carboxy-4-ethynylphenyl)hexafluoropropane and
2,2-bis(3-carboxy-5-ethynylphenyl)hexafluoropropane;
(ethynyl-phenyl)-phthalic acid such as 5-(1-ethynyi-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-phenylcfhynylterephthalic acid;

phenylethynyl-napthalenedicarboxylic acid such as
2-phenylethynyl-1,5-napthalenedicarboxylic acid and

diphenylethynyl-biphenyldicarboxylic acid such as
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10 triethylamne to obtain a solution of the

pol ybenzoxazol e resin precursor. The solution is
subjected to reprecipitation |@1 (ﬁﬁﬁﬁjﬁqgﬁfﬂﬁi%ﬂﬁﬁH?ﬁPSG
water to obtain a polybenzoxazol'e resin precursor ’
order to inprove storage stability or the Iike, the
above-nmentioned endcapping conmpound may be caused to

5 € ' heat zﬂn@é ulting 15
33 it%n {hgnglt?z -Bipt: pl?%%ﬁ%ﬁfgrar?% endcap the
blsmkw&?rﬁ@ﬁﬁé brﬁylbﬁéiy'lbpﬁfp“aﬁé’ﬁ&ﬁras As an exanpl e of the
endcappi ng nethod for the pol ybenzoxazol e used in the

2,2-BY@Dakiy-3- bﬁer%(éﬂ%@ﬁih@ lr;ﬁ ppaend such as
c an

5- nor bor néne- 2 di‘car boxyl’i hydrlde is added to
b1s(daﬂ3c§;91phbhﬁ6th9ﬁylph@1y9ﬁbﬁﬂiﬁﬁi@x@mb udlegl N precursor

obt ai ned as descri bed above, and reacted with the
2,201k (2 hartioay aiz phanyletisinglpheed)\Hes ilu@bpropans; t enperature to

20 150C to obtain a pol ybenzoxazol e resin of which the
phéngtathynyl-phenoapplehdjprertid siich ap 6H(Y pheayvixthyoylepheasiy)-isophthalic

precursor may al so be obtained by reacting an active
acidst-&r-pleaylethymy]-phenoly)-doplathdlimagid,c aci d conpound with

t he bi sam nophenol conpound instead of the acid
5-(@phemiletbynsdpbonory)-issphihalivedidsmdh as a surfactant and

a coupl | ng agent nay be added to the 25
2-(bw éfgp@ﬁymeﬁfﬁhﬁl’ﬁéicl%ventl on, as required.

. N%thod of form ng protectlve f|In125 G

dlC&@BM@f@qﬁ hpyipg 2 aH‘FQC%}@EBEJ@ etpypin e mal ?Fltl%%lcilﬁ\?ent i on,

BT U bl 848 ek eBeb O S TR B B S

C@ppropri ate organic solvent to prepare a varni sh. The
AClFarni sh is applied to a substrate (the wiring |layer 20

B T
aci@amd ,@%g%hengﬂﬁ@&cﬁﬂwi@ Q]CTH",:‘ hAtPth@ 15BN b gf%ﬁr ' These
I mrer’sion, printing, - roll coating, coatfng using a

cox%?%{uh&ia mRl 86 8sePdifhet HBividusAy G Th ASnSih¥Esh ofiwe R LidE

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-dimensional

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 with 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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dry thickness of about 5 to 10,000 nm nmay be fornmed by
single application. The resulting coating is

subj ected to cyclization reactd ' EP
for one hour to obtain a pro#%@@?gg“???%??%?ﬁgﬁﬂgpgé SG
pol ybenzoxazole resin film for exanple. 10 As

exanpl es of the organic sol vent,

Vit ié id > ic anhydride, acid
e P AL A, A R I PEBIRRAc anpycride ac
anhghﬂ&égl sucihdRhRM anBiede andi EhSBbAREC-A]3VGeAb St yichihydride,
ther, diethylene glycol dibutyl ether, propylene

aniSle/RpotRACHRA BY hnifihé) AL eth ghiyP4raRyd, 8nehglykadlinerononet hyl
et her, propyl ene glycol nononethyl ether acetate,

4—pH@iy[BﬂlydfﬁﬁﬁlﬁIe$an@l-bhbnﬂaﬁﬁ@ﬂzﬁliliﬂw aplindpheticd compddnds such as
met hyl -1, 3-butyl ene glycol acetate, 1, 3-butylene

2-a@inophknad; Zemames-bhlyngdphaio], and Chythinogfyphongtethynglphyol, and the

pyruvat e, methyl -3-met hoxypropi onate, cycl ohexanone,
likeasad belgéveni k @hercontpeugisuray bdtedeitbergadividusBy vemt s nay

be used either individually or in conbination of two
conthinationef t®0 oPn®re. Second i nsul ating | ayer 2.3.1.

Silica filmThe silica film which is one of the

i nsQf dh¢sagcommp@mnds.f epmpPends heavirg: o grosplifdimtarodp such as a

layer, is fornmed using a filmform ng conpagsition_ .
carhoncgagennydpuble bw@%m%%%@h ARG BLRErt aThisllows
by hydrol yzi ng and condensin t | east. one 2 onpound
2 coprliiing IS o BPBUM CoNSEECIMESamaL JRDBTRAEY diealRg the
pobisnent ASRSh Rt ST HARGPhal of 4 toiftas prenzonate

%Fpregents a nonoval ent organic group. 5

.wher gi n R;lv
Iemﬁ&@??%ﬁ&?&- “(8) wherein R represents a fluorine atom
or a nonoval ent organic group, R2 represents a

2.2.3. Preparation of polybenzoxazole résin

The polybenzoxazole resin used in the invention is obtained 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 actd compound

such as isophthalic acid and excess thionyl chloride are reacted at room temperature to

24




10

15

20

25

copgpel

nonoval ent organi c group, and a represents an integer
of 1 or 2. 10 SiI(OR3)4 (9) wherein R3 represents a

nonoval ent organi c group. . ]

Rob( RSO) 3- bSi - ( R$) d- Si ( OR6) 3- cK7EPL {1833+ 8941 R ERSG

to R7 individually represent nonoval ent organic

groups, b and c individually represent integers from

t: Nq; y| :

7460 o ot Bt £8A%S: FBn S VIR SR MBRRRY ARG cvaporaing
the N&:REQ thibAy1 khibfd®) by Al " 6RIE SRRSO P%ss&c, e residue is

filmformng conposition for the silica filmi’s

redﬁ&ﬁlli:z@:_ﬂ? ttoRed @Ment Bch BthekhddBol bkdTh RpRAARORIY LRl Wwhich is
the silica filmaccording to this enbodi ment includes

anaacidutlorideyithe diontdendrtdcancdnpandl obt ai ned by
hydr ol yzi ng and condensi ng at | east one conpound

sel edteddsdininsphichel @hpopnd ot Lt i ng of a conpound of
the general fornula (7) (hereinafter called "conpound

2,77%¥s(3-amoorpbydrdxythehyigproparerialistaivediineg gdddr solvent such as
(hereinafter called "conpound 8"), a conpound of the

N-getfed 2-pyrslidohaor ¥ )N-(hestkylacdtareide c aThechigfidé compomdef the
.9"), and a conpound of the general formula (10)
diqaaxalin agid epmpaindpiepared inpasiyatcelis ryactedvaticibeabisandrsophenol
form ngt the filmformn c_orrEositi on are descri bed
atzgonsigyeperatepco F30°C33hg Regge 80®) ®Ad ag@ptor such as

2,31, 1. nmpound 7 As_exanpl es of the nonoval ent )
tﬂ?&béﬁ%ﬂ@ tg Sg@al 3 é‘ﬁ?%@’eﬁ’ﬁféﬁ ngbwzow%z%@mgaﬁ@ﬁlﬁon The solution
. forml 7), .an al kyl group, an aryl group, an allyl
18 #&fn‘&ﬁggﬂ{r%ﬁnfﬂﬂonﬁ B Bg?f E‘{f“f Fhety 3 IY‘@%’I'%O ebfamR i ven.

f the in%ral formula (7), R is preferably a
Poﬁ'ﬁﬁ%z\%?zg’ t PR % oup, and particul arly preferably

an al k r.ou | ..gr.oup. exanples of the .
o, 3 T i SRR AP o R PITELES g Bppona
endtafpiRg Qo AP cARM 4 ErehdtK&ith Me Afminal 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 a surfactant and a coupling agent may be added to the

‘polybenzoxazole used in the invention, as required.

224. Method of forming protective film
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gi ven. The al kyl group preferably has 1 to 5 carbon

atons. These al kyl groups may be elther i near

branched, in which a hydrogen

with a fluorine 10 atom or thégﬁl g%% ﬁ#%ﬁ& US,ERSG
the aryl group in the general fornula (7), a phenyl

group, a naphthyl group, a nethylphenyl group, an

ot Nyl BT Lo @O R pAbideitl QAN e50¥RloR. For cxample, the

br onophenyl gr oup, uoro eny group, and the

(MY
PO S0 B 086 0Pl O RS o

prepare’ vaBROUNYS vaAfidd KUY t8eduds@dte §tRSwiH layer 20 in the
compound 7, trimethoxysilane, triethoxysilane,

landihdte rﬁc@drﬂﬁl‘gxﬁéstﬁﬂsaétﬁbodimbhﬁ P [feRQ aySdatiAfle, As the coating method,
tri-n-butoxysilane, tri-sec-butoxysilane,

spiti Icbatigy tisiRglapitmt, apﬁ:,y doatifng @B VS spran eoaté dntrlassid, kpeinting,
can be given. 2.3.1.2. Conpound 8 20 As exanpl es of

rollt dvatingnavathg 0ting lagam:rcblgale;) upéd thelikesmtegivey. RA@paif@with a
in the general fornmula (8), the organic groups given

dryathicknesspbiesbdudr5 tch 0,6 emalmayoberiidranefd Ny single fepligatiem. The
As specific exanpl es of the conpound 8, conpounds

reslting coxtbig i subjaredxoxyotizason geartion by beatig,as #O0 M forene hour to
conpounds particularly preferable as the corrpound 8,

obtagtarpieetiveelilnoioyapd aﬁ@polﬁ’e@nwmoﬂeeltew@@m fogegample.

methyl tri-n-propoxysij

met £y PXaRIpsof the eiga&wplvswe N-gethyl-2myrelifieney si | ane,

gaq@%i%&ggégﬁjﬂmg%%%@ dimethyl sulfoxide, dicthylene glycol
st TR A Bk A IR i g oo
progyl ?%@&8‘9 metorl]ﬁ%at ' h% %’13{3%}(“?1&&{%&9«%1%&%)&}/ aJl %ﬂl%r propylene

oxy i Cale hoxyS|
L T

met‘hpplb'ﬂﬁ?ylene 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

two or more.

2.3.  Second insulating layer
2.3.1. Silica film

The silica film, which is one of the insulat.ing 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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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 organj S oG4 Vel
exanpl es for the general forngﬁgﬁpg?%ggﬁsggﬁﬁgﬁﬁg?9%%?RSG
As specific exanples of the conpound 9, conpounds
di scl osed in JP-A-2001-354904 can be given. As
co prefera as the conmpound 9,
t et gg?ﬁ%xysilang?f t et r aet hoxysi | ane,
tetra-n-propoxysil ane, tetra-iso-propoxysilane,
tetra-n-butoxysilane, 15 tetra-sec-butoxysil ane,
~ L= | -@Qﬁgpxysilane, and the |ike
Wm%%h@ﬁé&gg%éﬁémé¢h?ﬁ§§%?&%g?ra t hoxysi | ane and
tetraet hoxysilane are particularly preferable. These
conpounds nmay be used either individually or in
conpkftar’gn of twqgpr nmore. 2.3.1.4. Conpound 10 20
As exanples of the nonoval ent organi c groups
represented by R4 to R7 in the general formula (10),
the organi c groups given as exanples for the genera
whekréth RUkdprésorts a fladriteeatginvema mAmosglenti drganie gaompl &S rofresents a
t he conpound 10, conpounds disclosed in
monrbRaldn2@94ni3 srtapdamcbmrepeesenty amint@sr pE1 pr &f er abl e
exanpl es of the conpound 10 in which R8 in the genera
formula (10) is an oxygen atom
hexanetyoxydisiloxane, hexaet hoxydi si | oxane, 1,1,
3, Bif@R panet hoxy- A9 3-di met hyl di si |l oxane, 29 | GL050
| OPC- F- 1333-JR-60018US, EP, SG 1, 1, 3, 3-tetraethoxy-
1, 3-dinmethyl dis il oxane,

wherein R’ represents a monovalent organic group.

R%(R%0)3.58i-(R*-Si(OR%3. R, (10)

wherein R* to R 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 -(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 77), a compound of the general formula (8) (hereinafter
called “compound 8”), a compound of the general formula (9) (hercinafter called
“compound 97), and a compound of the general formula (10) (hereinafter called
“compound 10”). The compounds for forming the ﬁlm—forrnjng .composition are -

described below.
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1, 1,3, 3-tetranethoxy- 1, 3-di phenyl di sil oxane,

1, 3-di net hoxy- 1, 1,3, 3-tetranethyldisil oxane,

1, 3-diethoxy- 1, 1,3,3-tetra e

1, 3-di met hoxy- 1, 1, 3, 3- tetrgq%enyﬁgﬁﬁ%?gégﬁgigoouﬂﬁ;EPsa
1, 3-di et hoxy-1, 1, 3, 3 tetraphenyl di si | oxane, and the

i ke can be given. As preferable exanples of the

compound in which d=0 in the general formula (10),
hexanethoxydisilane hexaet hoxydi si | ane,

amet hoxy- 1, 2- di net hyl di si | ane,
23]1l C%“%O%E(%?aet hoxy- 1, 2 di met hyl di si | ane, 10

1 1Ag eXanhbd @f‘ﬁk%@f%vﬁleﬁf gighfie ol RpldBfted by R’ in the general

2-di nethoxy-1, 1, 2, 2-tetranet hyl di si | ane,

foréml% (3) ah RAyY gﬂouia; ﬁ’ﬂ 213/\ ?fdh@”ﬁi AWl diipl, @RBycidyl group, and the like

I met hoxy- 1, etraphenyld|3|lane

canl)e2g1€3net mﬁ)mé'gelaeral fatmddd @ rRine ?fﬁfbﬁbﬁﬂ d MmoRovakd ofdagic group,
i ke can be given. As preferab e exanples of the

andGRAMRUNY prafevdbil e bn B&yl grobper g pharyhkrdupr mAlsaxafifhl@} of the alkyl
the group -(CH2)o , bis(trinethoxysilyl)nethane,

groiy, a(rheth gt drongy, sinleghyl grtupampropyligroup, a butyl group, and the like can be
1, 2-bi s(trinmethoxysilyl)ethane,

givdn,. 2-Thesifkyl igemdpopayﬁjr&l;ly hiat h&mné carbon atoms. These alkyl groups may
1- (di met hoxy I'silyl)-1-(trimethoxysilyl)nethane,

be eftherilingan @xpmtzhwiym w;ucﬁalhs(dmgeetmmm Be feplaearhiih a fluorine
1- (di met hox msthyIS|I [)-2-(tri msthoxysH | ) et hane

atom- ‘(f dhetikox yheeramrles ¢ ‘)hemlt&fp‘éﬁ b thygongra i/ &rAwkas (7), a phenyl
bi s(di nmet hoxynet hyl si | yl ) pet hane %_1

grcnm,@(%qug}yb)gm ﬁypgtpy 91\% tgffﬁlﬁean ethylphenyl group, a chlorophenyl

o, R BE OO TR oP ¥ SRR e ke can e ivn.
le EASS: %{fﬂf} g?%{(glo Efssi; )kggegé?e]rgpound 7, compounds disclosed in

AR e

%&&%}%Ju!nﬁ? ﬁﬂlli// ﬁ%&gglﬂé &b ﬁle co pound 7, trimethoxysilane,

rethoxysi enzene, the |1 ke can” be

trlet;ﬁb 'ﬂanaz gﬁl Ftﬁoﬁ%ﬁé’i{é‘j ﬁnZoﬂr&bo!»@mm dien-baRdygianber

I’n combi nation of two or nore.
tri-sec—butoxysﬂane, tr1—tert-butoxysﬂane triphenoxysilane, and the like can be given.

2.3.1.2. Compound 8

As examples of the monovalent organic groups 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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30 Gl05010PC F-1333_JR-60018US, EP, SG 2. 3.1.5.

Preparation of filmform ng conposition The

filmformng conposition for t (] ] fi S

prepared by hydrolyzing and cgﬁa@i@#ﬁgFé?kﬁgﬁéwoéﬁgsiﬂisG

conmpound sel ected fromthe group consisting of the

conpounds 7 to 10. It is preferable to use a catal yst

. ' d n i : npl es of
it S Y A o SR B Rl G D

. . i an

L VT

diétﬁsﬁdﬂi?&ﬁéxygﬁﬁeaai&hg%g%gg%%@aagnﬁaﬁ{eﬁ;ogﬁﬁg@ounds

di'sclosed’in JP-A- can ‘be gl vé
diﬁffﬁm&lﬁ)&yﬁtan&,hﬁ%wngm he%ysdand, MpHeRlIARMAYsiEREPRANES ike
can be given. 10 Exanpl es 'of the organic acid include
ca@B@kivenaci d, propionic acid, butanoic acid, pentanoic
aci d, hexanoi c acid, heptanoic acid, octanoic acid,
nonanoi ¢ aci d, decanoic acid, oxalic acid, maleic
acid, nmethylmalonic acid, adipic acid, sebacic acid,
23988l Campmind,9 butyric acid, nellitic acid, arachidonic
acid, shikimc acid, 2-ethyl hexanoic acid, oleic
aci s examplds ©f dlod Thondvaboit iotgaadd ghoup irerbeentedagi RE in the general
salicylic acid, benzoic acid, p-am nobenzoic 15 acid,
forpuian () e hesurkdnia igrougs igivenmsrexempdas| foo thiccgeanerall formula (5) can be
. nonochl oroacetic acid, dichloroacetic acid,
EIVER4 chl oroacetic acid, trifluoroacetic acid, formc

acid, malqgnic acid, sulfonic acid, phthalic acid, )
funi ePeRifie, cxipplpy ok the rcomparnd ci eompoyds pdisclosed in

like. |l es of the i ' id, hyd hl ori
P-4 - PR E3Be 8¥e%u f ur i ¢ act'd, hydrof uotic  acid,
h hor i id t ik [ . .20 As
eans e aepyfineeraBlls i cutboub 3. RipMsHRR BB pounds
tetr%%}cﬁ?)gﬁinlg%néf g&a-n-%%%s%%ng ftet}ahﬁo%;;gg%g(;yg%q a,:t’%tré.-?lgbluggx%/silane,

yridine, "pyrrofe,” piperdzine, "pyt ! .
RSB B T 006l 6B s e

giveh MEOPHEID AR LRARRYEEhB Snd EAACTBL AL AL S aRRL BT Meferable.

tri et hanol am ne,
These compounds may be used either individually or in combination of two or more.

2.3.14. Compound 10
As examples of the monovalent organic groups represented by R* to R in the
general formula (10), the organic groups given as examples for the general formula (57)

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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di azabi cycl ooct ane, di azabi cycl ononane,
di azabi cycl oundecene, tetranethyl anmoni um 25

hydr oxi de, urea, creatinine, G%oﬁﬁ‘ﬁc_'ﬂ-k%B :ﬁ@ﬁ&%ﬁw,ﬁﬁ,SG

of the inorganic base, ammonia, sodium hydroxi de,
pot assi um hydr oxi de, barium hydroxi de, cal ci um
hydr oxi de, and the 1|ike can be given. 31 GL0O50

1,1,3{,%%agﬂl0%§_gg5§iﬁiegm§g§a§g SG O these catalysts,

net a at e “conpound, the organic acid, and the

1,1,3. Nt AdHox90 Slaphenieliefakl e, with the organic acid
being nore preférable. As the organic acid, acetic

1,3-dfhox g al 3 8-t@pdnebthyl@isRbtanaCi d, and mal onic acid are
particularly preferable. Wen using the organic acid

1,3-A&hdbhel 48 Rhasimetiyidisilaxangt i on and gel ation of 5 the
pol ymer rarely occur during hydrol ysis and

1,3-dimethersdt i, D f-tetliphosyldiaflaiayst s may be used either
individually or in conbination of two or nore. The
1,3-diethentyy $11,3, 3 tetmphinyilisitoxaseyaod thedikeuwsn &k lgwed. 00001 t o
0.5 nol, and preferably 0.00001 to 0.1 nol for one nol
of As ptefernble gkampios of the compourgh imuplzickt $t=0 in the ggnery fognpula
in the conpounds 1 to 4. The nolecular weight of the
(10),dereresibaxwulisignepexathaxydisdamhound sel ected fromthe 10
conmpounds 1 to 4 is usually 500 to ,009;?8&% . .
1,1,zp?r@p@m@moyy-ﬂe%dxﬂ@ﬂzy,l@@@r@oﬁ,l,%aet@@'i Ky-1fefigethyldisilane,
preferably abouyt 1000 to 1, Q0Q, 000. | ..
1122 fetramgt ﬁ'g}%g%%“s}’%?‘iﬂ?ef be-EneRy Qai'?-??tm%wlaﬁlﬂ’g%
0, the i nvention .he hy lysis-c tion profduct
12-digh gL v Erer P Brbr A e Gre T P ER e Rh RSEHE
i sper | p.an organi ¢ solvent. .exanpl es of the
1,2- 6‘?‘5‘2‘%'&?@#’&&3&'“‘ ﬁ%dgg%’ta%g\ré@e fsﬂé ‘\;I/aglnb{é\s%‘gﬁéct ed from
th ISt I e
sofct B ERAabE b e SomBOBRI! w0k KOB! e gl TBrenula

e e e

ket one splven
1,2-03Ur MG Sy s AP @Ran 0l Y DM BietlRRY s C sol vents
: in

di'scl ose JP- A-2002- 20689 can be given. The
1-(dife8RROMeS9IsHPDL -itEmPhok NiBDhetiame} he organic
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(trimethoxysilyDbenzene,
1,3-bis(triethoxysilyl)benzeﬁe, 1,4-bis(trimethoxysilyl)benzene,
1,4-bis(tricthoxysilyl)benzene, and the like can be given.

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

fwo or more.
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20 solvent. The filmformng conposition according to

thflingePtioP may further include conponents such as

colloidal silica, colloidal a j t

a silane coupling agent. 25 ?&%@%EQ%FES?O@QUQ’@’SG

formng silica filmA nmethod of formng the silica

fi : mis described bel ow. The nmethod of formng the

: ' -H%ﬁﬁ%&ﬂﬁ ' t he above filmformn

2'3@"3' %@?ﬁ:gﬁ&%ﬁl%o;{ 33 IR- d(?gilbélus, EP, SG conpositi gn

10 The iohl LayRh ik dIb3m ing and

accoréfiﬁngfothght%hi sﬁgﬁbogﬁ%lnt), z;f%%lhggpiaﬁg b?heyﬂfm?Z nean
con@RRinz e [T Tohipsiind AfediiEfBRLthOGrodd camMtinizny thid€mpounds

conposition to the substrate, spin coating, dipping,
7 toC OBt | 0 Gs pedfrgble toolseed cithgsedurimphadtolgis addednlendatibe  As

can be given. A coating with a dry thickness of about
exa@pled of BRQallysn d sie@btlwlate dobposnd) gh erganjd acidtananorgamid acid,

a coating with a dry thickness of about 10 to 3000 nm
an drgan@dbaeed abynatgait basapphibe giveon. The coating may be

dried by heating at about 60 to 600C for about 1 to

24(\s spepificesamples of denpltel cigdate isempernd, meptateohrlste, cqmpounds
~ hot plate, an oven, a furnace, or the |I|ike may be
disclesediin JEhA-204t330 ¢ eap bsegiat ed in air, nitrogen, or

argon, under vacuum_ 10 or under, reduced pressure in

wh iﬁgﬁrﬁxﬁﬁﬁl%ﬁi gerpreameanitrthe fAlowisg egRPoBF e PSR-

curing the coating, the coating.is.heated.at . .

pr %ggnag&ﬁswfgbﬁ prgamis deid igppde prgtic %@F@ropd?@? aridppyraneg acid;

to . C i.n an.inert. atnosphere or under, reduced . .
penigReic 1 POHOIT Bt BPIATIR, A GBS At ARSI i dpganoic

s 0 el A 220 i DREEAER s

butyric acid, mellitic acid, arachidonic acid, shikimic acid, 2-ethylhexanoic acid, oleic

-~ acid, stearic acid, linolic acid, linoleic acid, salicylic acid, benzoic acid, p-aminobenzoic

acid, p-toluenesulfonic acid, benzenesulfonic acid, monochloroacetic 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, triethylamine, monoethanolamine, dicthanolamine,

dimethylmonoethanolamine, monomethyldiethanolamine, triethanolamine,

- diazabicyclooctane, diazabicyclononane, diazabicycloundecene, tetramethylammonivm

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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The organic filmused as one of the |ayers formng the
second insulating layer is preferably an organic film

with a relative dielectric con U | es

wiring delay can be reduced b @Eéwg)%ﬁ Hgﬁérf&g‘?qoﬂgUs’EP’SG
layer with a relative dielectric constant of 3 20 or

| ess, whereby the operation speed can be increased.

The ©F gaRi Ccafail}LsEQ 'tﬁ? ;rgétgf @h&gteacd' duﬁds weh o gtgsaﬁlic acid, and the

pol ybenzoxazo yl ene

1n&%hr¥ib HefPare refé?ehﬂém@vﬁﬁ thé %Eﬁ?iﬁ{ct h&&'lb%fng[ mofe, ereferable As the

pol ybenzoxazole is  prefera due

orgn®d QI héetie OREd, af¥atic R n?aqaélaaa a8l C{mtlblgsl% %&dﬂ%& particularly

ransition t errper at ure. exanp es

préfBsbRs, Wiksi ikindiedroaaed ablﬂ a&'?h@\ta'iﬂ%@ﬁ%?&lpltatmn and gelation of
JP- A-2000- 191752, JP-A-11- 228674 JP-A-11-349683, and

thd pelylek Rrelchie dirdd@ hydrohpkill ind/esmdsakabioRS Bhaibich@ @Is@rﬁlay be
and a coupling agent may be added to the organic

usdD EiftlePRi eda BBorJin- @biddton FERwo S mdre) NThasathB&Lis 1BEd in an
The dielectric constant of the organic filmmy be

amogducieguddly Q80K ta K5 towl,iand préferablybd@®1as 6.1 mol for one mol of
i ntroduced, as required. The nmethod of introducing the
thmtﬂtésameunﬁdtf Rifargrouns| @6+l to i3yi%t &)l.inFhe coxgophds lato 4. The
por ogen net hod can be given in which a coating 5is
m@ﬂ@ﬁlﬁédwmﬁhfa of t the ecandengatec onmedo gé ribe apontposng crelectedufrom  the

are dispersed in the fil and only the(foroEﬁns are
COMBOARS ts>y4 d¢ Psyaiy rﬁQOetﬁe?r QQﬂawr%fgrahbfa?O P800 cand still

por e such a nmet hod, nethods

mage g‘@?f‘é%télﬂ a‘i’?Ptag&itcsl @% JP- A- 2000- 31137,

Harﬁ‘ ﬁﬁs‘ﬁ] 7442%‘%&%95@%}%3 rPE"é ﬁﬁllg%lﬁ?lgl Vordg{g i;oe tlnventlon
theRgnflss Dbl RGP b P R, e bt 1, g Tved or
disp&séﬂsiﬁ%n%ﬁa&lﬂeso%g mask |ayer 50.

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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15 3. Sem conductor device A seniconductor device in
which a wiring layer is forned in the second

insul ating |layer 40 of the |apni Gl dn

Lam nat e" using a dual danasc@%@ﬁﬁﬁgeﬁggg$gsgé@@yﬁkégRSG
below. FIG 4 is a cross-sectional view schematically
showi ng a sem conductor device according to this

comﬁgﬁt%ﬂ rht subs@a?e %gﬁ%e “3]0[]?41 tf??.If q&mﬁﬁte ?igcofaﬁﬁgﬂjoethls

[fam nat ¢ accord exa

o i LR B o
com%ﬁsn"i’(ﬂ{j td NRe %Bétrh@? e?ﬁh% codfn HdﬁSg?] S Re&tidd (ﬁsﬂgt S%Her blade,

protective O form t he p ybenzoxazol e

sprayifig) dhdl tAY Bke bah B SivbledA @Bathd¥ewithVa ldi ﬂn&l&ﬁéﬁ ofzéi))oufl_ Hey 1500
second insulating”layer 40 i s provided on th

nm RoBEAEd B4esih @y applRftion SanfiNecsabiag vt Has ﬂﬁdkﬁi@ss' BaBbutdh to

is formed by stacking t he insulating |ayers 40a, 40b,
30000 is d8iginbdby Badbloagisiicatidihe i nsul ating | ayers 40a and
40c may be insulating layers forned of the sane
maThe cadtingAmsy be daieflidynheatingiat absqmdOctof 600AC ifer alsend 1ae 240
the insulating |ayers 34
mim@) fe1REplcl 338 the-1a0dS uisitod, SGot Alte, and>véficy fifroace, or the
exanpl e. The insulating |ayer 40b forned of a nmateri al
like ghiay bemsary Thesoutitgemapbe heatedinfay, nithgennwdrgan, ngder vacuum,
| ayers 40a and 40c i s provided between the insulatin
or un@syéﬁéuwda)raﬁarmmc whichs {hej @/geR |canesntration iy santeolted) m
be used as the material for the _insulating |aye

curm@o e epajng, e fnBHPE ds Boated of JeeraDbA 8P et Fngnd 4 hrrgore
A 6

Pfeff\yggy 29&:9 %& @211 5“% Eﬂlfegt?%%ge 'i,ﬁpe? T{émgﬁfsﬁs 'é%ﬁgﬁgﬁ%'é{get t}h% Egatmg

may g e r2e by aeaBilE Bedtibrmsisimanelt SR Plf BF eape. the

0 62 and the wiring opening 66. The
myﬂwﬂﬁﬁ%a 1§§§$m§% and the wring |ayer 68 are

el ectrically connected through the via layer 64. 10 An
exanpl e of a method of form ng the sem conduct or

2.3 20e@iLgicHipwn in FIG 4

The organic film used as one of the layers forming the second insulating layer is

. preferably an organic film with a relative dielectric 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 suéh 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-1 1-228674, TP-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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is described below. (1) As shown in FIG 3, the wiring

| ayer 20 with a specific pattern is formed in the

first insulating layer 10. The bFaﬁ@ 8US.EP.SG

formed of a material containi ng copper Ee‘ﬁ\g\nﬁidg@

| ayer 20 may be formed using a known nethod. The

pr ot ective | ayer 30 15 which covers at |east the upper
ﬁln?léEfr gf the wiring layer 20 is forned. The

t|ve | ayer 30 is a pol ybenzoxazol e resin |ayer.
Th e’I‘lEH Qifeﬁ%icv&nsé}iﬁbf ﬁ)@ dr8ardi® MR AnaP Yo FERICK 'BJ% sy a film in

above-described filmformng conposition to the wiring

whicRYRFes%fe aifbdubd ok |ré¢ﬁf irekiN'S The inefithd & Bitrodtkih® tHeopdredlis not
coating, and curing the coating. The details of the

parficdl ity Bhtag F&m@ﬁigld apoddidntdieheditambe giveatimeichar evating
described in "2.2 rotective 20 layer". (2) The

is To@Geang ai siste i vihith porygms 40 thei porebiwabe arediisgersd i heefiln, and
structure is fornmed, is provided on the protective

only ehegpor@ens bre rehevehby fitilizing enggyrstdhos teetcioridirodpce pores.  As
this enbodi nent using the |am nate according to the

exatriplascdofeseahyl methotemethodndisclosed it TRdh-51289826, 4F-A<000-31137,
formed by stacking the insulating | ayer 40a fornmed of

JP-A- ZKIOIZfIéaﬁi‘H,Iaml tlteﬂgtez:anbﬁgmeatu ng | ayer 40b forned of
an organic film and the insulating |ayer 40c forned
of a silicafilmin that order. The silica filnms 40a
“and _40c are fornmed by formng a coating using the

241‘| | e @pask iRy eE onposi ti on described in "2.3.1. Silica

gg%lﬁp%lagi %@% Pagrg glg@i%gt onepof aggilica film iap]%an pganic film may
e B ST S e LT PN 0

anic filn', and curing the coating in the sane
Hm%% ééﬁas the silica films 40a and 40c. The hard nask
| ayer 50 is formed on the second insulating |ayer 40,
as required. After formng the conductive layer in the

3. Vi agepiPRRRLRY dbdAcand the wiring opening 66 fornmed in
the second 1 nsulating |ayer 40, the conductive |ayer

E'%Hﬁ‘s.@rrﬁ’éﬁmﬂﬁaoﬁ eRoid inNeHicat i NGiringYRFerd® ifGmiednty @t bacond
or the
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

34 -




10

15 .

20

25

like. It suffices that the hard mask | ayer 50 serve as

a stopper layer in the CMP step. A silica filmor an
organic filmmay be used as th I Y T

(3) The wiring opening 66 and @h@\}?‘%@%g#ﬁ%‘ﬁgﬂé%U&ERSG
continuous with the wiring 10 opening 66 are forned

by renoving part of the second insulating | ayer 40.

404 B 469 ”gagfég%fgﬁlé AYRE ihSdrRViad§daom fc%rﬁ%td"%é Rhterial differing

openi ng the "via opening” 62 so e Wring

froh PR nfHa053 M HamRS ?a‘é@fshgé)& Unl YR i@hbl%k}id'fg between the

electrically connected wit wring |ayer

inshRfif@dayefs 804 ahd BBSK A 3YRA {1BPbr R OiEEnid &¥hNHa@Be used as the
opening in the region in which the via 15 opening 62

matepial for MRMinkbHaticOMiGda@dbon the hard mask |ayer 50. The
insulating layer 40c is etched using the first nmask
| ay arvi@spénin@6X isubimdd inhifsulating [ajdrn 904 ayE4030k) wsring opening
exposed. The insulating |ayer 40b is then etched
66 ¢ohtituoub evithngie| vdi iopenih@yeris 40anddsinethpdaadatin lagecdlied A via
mask | ayer (not shown) having an opening in the region
layembantmidchwiring Iajari68gre prosivied gviBéh ars fomredehy providinga amductive
on the hard mask |ayer 50. The second nmask | ayer 20
layéraie the vipepéning paaneihe wiringeoponingn6é.hatheowiringelayerr 26t and the
~mask |ayer. The exposed insulating |ayer 40c and
wiringdlayest6drage elastaicalliepnaeded dwenghdhe giadagyerd. second nmask
| ayer as a mask. _The wiring openiing 66 and the via
opefh sgawplecd i mathed of fproing He spconduelse APYige 8 wiaetlG. 4
. thus formed on the wiring |layer 20. The protective
ISdPﬁying@DVbcated under the via opening 62 is renmoved

Ot B TR G LT LG Bl o
. o0 6
il s 0GP OB 29 B oY A come
' ; > E- IR- 184S, )
The?_ﬁéfﬂ%%&%z%o ﬁﬁy%e%ﬁgﬁgﬁg a g %g%gl&n ’?’%p@?%ct@g‘layer 30

ctive-layer Is n provi

..whif@H eivis 821480t Bpér RBcORENHRI Wb ASel B T@tf?ﬂeﬁ! The

or the conductive Tayer, the conductive nateria

- pro@bMeMadsr 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”.

@ The second insulating layer 40, in which a dual damascene structure 18 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 compositidn described in “2.3.1. Silica film”, and curing the
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an exanple for the wiring | ayer may be used. In

particular, it is preferable to use a conductive

mat eri al contai ni ng copper si bk i e bep

reduced due to low 5 resistang%ﬁnﬁgqééjﬂg%%fg?ﬁ%&?ﬁé’ 'SG

conductive | ayer, planarization treatnent such as CWP

is perfornmed, whereby the via |layer 64 is forned in

g, V! e bairgq%.k&l b drRing b @Y&IngRidsSiht HMBErmi
Coalttlﬁg't hgﬂewsﬁ'sﬁlér}g%eﬁq ng 86" Twé W rl%g ?‘aygr %@Stangfthemng

co%&sﬁtﬂﬂl hé&¥bed ié'p“ﬁﬁ.?. ehB&lit ifAar] ¥nd Qﬁﬂﬁ%ﬂ?@c&zﬂfn@uﬂhﬁhe same

e via layer 64. The wring layer to i ch the dua
mafRFBRCAR &Rk MetsWM® Ai 200! B Ba0 Maki Byaesh isl@rined on the
the Iam nate according to this enbodi rent by the above
secA®Riulatifg 1Yer 5@NasGaqdieat OATRL foigEn R Be0sRidigiviedajdtiia the via
enbodi nent, since the protective |ayer 30 is provided
opedihg! B2 andl thengidiray epenzsl; 66lifhinusl nthefsecapikulating ldyee 40, the

second insulating |ayer 40 can be reduced. This
condbttbmslaydreforrabonl thenswbad insglatiay dayed @0tio remoctwidihiyt CMP or the
sufficient dielectric breakdown resistance, whereby a
likehi ghéufficesl thatithe hartiGmeskniagearffusiror ade viopperdayer b the CMP step.
provi ded. The foll ow ng advantage i s obtai ned when -
A stfisi difmian organivclile: max be usedcpstthe hard maskiaver skanpl o.
Wien formng a wiring |ayer_ using the dual damascene
(3) met Hagd wirieg eperige hfy ansk thee viao ppasangs: 64 sapEpLgs Withghe wiring
using mask | ayers with different patterns, . .as
opegingc P§ 16¢ Tamsideby rampRagpark of dhe speppd ingwlating daygr 40-  The
i.nsul atin

| ayer .40 is renoved to_a desired depth
CO“GE‘FtH/@ ?}f—‘é%r PP G@rggﬁbewualpgg OpeNg, 86 ﬁﬂg i RRFRE (?Zﬁ%o that the

Wirélgg%p?% hé{’]lg\év:qa:{glgl {liftﬁas\\%ﬂ?ﬁi Sﬁﬁl%ﬁ“g‘lé ﬁl%hcglzi% Igfég{ﬂ%%ﬁﬁ g(')Q}l:egtetd Q)Velth the
%()%Zfo%gd formed using the second mask | ayer

._openin

erﬂl§j?¥1eé an openi'ng larger than that of the first nask
| aver : . . o p _
B TR L o PRSP RE Bl 1y ORGSR e v

;a@%\; i fofted iang%édrtgl tha¥afd A& hyasdeime igdutdg 18%cr 40c

arge extent during the second etching, it is

is eRhBA gLiaRlie fiRBmabinBybNSUd BlakP antiPhe insdffing Aidr UDB is exposed.
insulating |ayer 40b differ in etching rate. In the

The RBHIAAHE [F6E 08 i Theh @edHRE untiithe iBuRAITNE ¢ayes U0S ds bhgosed. A
second I nsulating layer 40 is formed of a plurality of

secorily m¥ask bfyer (not shown) having an opening in the region in which the wiring

o

opening 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 and 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

- located 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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37 GLO50 10PC-F- 1333-JR- 60018US, EP, SG different
materials, each insulating |ayer differs in etching

rate. This allows the insul atéﬁgoi@tee?‘_%% jlggﬁ@:g‘g%;ggsg

as a stopper |layer during the Secon I'Ng,

a wring opening 66 with an excell ent shape can be
formed. The invention is not limted to the above

o _ . Y , _ At .
po. Eik ey @ dypL e, R, prb R 3R ne Vi Berf 63 drd Vb kring

opc}qggébrﬂ‘. Zr gﬁ@ tnﬁtger}’é% Fdrfe L&i’cﬁlﬁti{}@lag&? R ROABELHVE $iM &l R¥ven as

m nate accordinhg to the first

an L SorO%he WiEing 85RP nBXBIBLR, UTh %ﬂrtfctiﬁr,% & pRAJMIE 0 Rse a

met hod, the wring opefding 66 and the via opening 62
confﬂ_ﬁ(‘z‘ti\léemﬁt@ﬁmmfhﬁﬁih SRk lsRick 'aﬁﬂhin%&ie!@rﬂihtﬂe%ﬂucfeﬂfdlfehe low

irst etching and the second etching (e.g. treatnent

resibafi®e. 2Nt pedVidigg GRS dondibevd lapéplagariAtiae aedtediengsioh as CMP
the first exanple may al so be applied to a
is pedfoireal) shetebl theviadeydrre4nisifoimal innthe wid opeaitigat2 anditherwiring
is formed in the second insulating |ayer 40 w thout
laya®i8l iy forgnedie thedwiingogpeamgdite Sthewdtiog dayern 68 Endithel wiribg layer
The invention is described below in nore detail by way
20 @t ckxaicpllsonnkicted throwgh the ivia fapdriédwi ng descri pti on
generally illustrates the aspects of the _invention,
TheThe wivisgtlaysn tas whishdhsmdual demasrgne sirycture dsapplisd capbe formed
~ followi ng description. In the exanples and
in theolpunale aererdinginghis erbgdiment by dhe apove s§Bect i vel y ref er
to "part by weight" and "w% unles t herwi. se .
' ndndh smicoRficEn S Agearig o Jis Smbatimegh e the protective

o B ST B Pl Bhh gl s eond
s GBI et S L NGB B R B 0 o
exhﬁ)litatae sﬁﬂﬁle% &Qggrfco 'bréifown resistance, whereby a highly reliable
semiconductor device can be provided.

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
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25 mnute in a nitrogen atnosphere. The substrate was
then sintered at 420C for 60 m nutes on a hot plate in

a nitrogen atnosphere. An al umn ] e Pabd &tk

was fornmed on the resulting @%%@@Ep%@gt{lg%b{’o ERSG
prepare a relative dielectric constant 38 G

105010PC _F-1333_JR-60018US, EP, SG neasurenent sanple.

T e e
. . i | . AB1R" :
e
wirt ANR-daavtiLh] & RRAKR sBapeE@n be libithedd (Eval uation of

I'el"ect ri ¢ breakdown resistance) An al um num el ectrode

- pat TRS hvéRSod RIiRdindfkattBené abdilet dosbdiABAtN aWariBYs modifications
deposition to prepare a dielectric breakdown vol tage

and RARHOE IR be SR vathid (R spiiteng Gtdjebf Bicakdawn. v oWhag®rming
of the coating was neasured by an IV nmethod using an
a wifingl8et (nfe sethibibibting yen40rofchs lamminiCRcomtling to the first
"HP4284A" manuf actured by Yokogawa- Hewl ett - Packard
exa@ple ot the. sedoridl exRrpbanstg dre difal Hanasceoe methpde drepeing epening
4.2.1. Preparation of polybenzoxazol e resin precursor
66 gt theads bpenifig 62jnay s formehahile icontratlingrhieecondisions for the first
protective film 2.16 parts (10 mmol) of ' .
etcling anditharserond efching faygirtoceymentpives pnd wiching g250] vEhe laininate
40 parts of dry N-nethyl-2-pyrrolidone in a dry . )
accpidingigdhe Hishexise aay rlsppeppplied fon semigpsiuytopdevice in which a
i sophthalic acid dichloride was slowy added to the .
normg] genteh laer srtosped inghe ronnd gasulasng e 4 thé@‘ttaﬁElymg the
m xture to warmto roomtenperature, the m xture was
duab gargsceReRiItUStis-oom t enperature for one hour. 2.45
parts (22 mmol) of triethylamne was added dropw se
to the mxture at 5C over 30 minutes. After the

4. add&ailgp% the m xture

The invention is described below in more detail by way of examples. 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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was allowed to warmto roomtenperature and reacted at
roomtenperature for three hours wth stirring to

obtai n a pol ybenzoxazol e resi Q}l%ﬁﬁﬁf(?%{l 33Nf-60018US. EPSG
pol ystyrene-reduced nunber average nol T t

ecul ar MEI&h
(M) of the resulting 25 pol ybenzoxazol e resin
precursor was measured using a GPC nmanufactured by

meas3ikne Afple. aﬁq‘lefﬁ}éﬁq%tcﬁ?@& id -c%}igtﬁﬁ- of! Bfe M\?dtiﬂ@t(samyle) was
average nolecul ar wei ght NM? of the pol ybenzoxazol e

me::{sﬁ?édrb}pﬁ e efod R 3 fﬂe&%él - 10@91(@95@% WRfechrode “HP16451B”
1333- JR-60018US, EP, SG 10 g of the polybenzoxazol e

and’ £ prRisRIPLORSOEteVBRPILERO! M@fufaftured by Yokogawa-Hewlett-Packard

N- et hyl - 2- pyrrol i done to prepare a gim¢@6solut|on.
Co.Jhgi.solution was filtered through a Teflon

(registered trademark) filter with a pore size of 0.2

m croneters to obtain a pol ybenzoxazol e precursor

varnish (A-1). Afilmwas formed using the 5 resulting
(Evulantions Of didleetric draakiiowen eisstancey i ¢ constant of the film

was neasured and found to be 2.9. (Preparation

Ex atwp| uimoin platreds ipagemi wap formed yore tho xesudiing damingte by

precursor was synthesized in the same manner as in_ 10
deppsitipartat preparexanditlecttic dedgiowino volfagen gneasomerty sagnpleo The

mmol ) of 3,3 -di am no-4,4'-di hydroxy-di phenyl ether .
dieleefgic é:g@aképwg_vp@agmpf gle(q)@tmgm\[a); ragasured by an IV method using an

3,3' -di am no-4, 4' -di hydr.oxy-hi phenyl i,ng 1.94
eleqirgre s HIYLO45 Hp | andop Rrécfl@aﬁthgﬁ fncteh B fbadAr ofegifactured by

i nste f 1.94 rt 9.5 mmol ) of isophthalic acid

‘bkﬁg@ﬁ?%&wga?%Wﬁ@nPﬁﬁﬁg | ar wei ght of the resulting
pol ybenzoxazol e resin precursor was neasured using 15
a GPC. The pol ystyrene-reduced nunber average

42\/\”2:}5'%]%%? mmgf'fgn}t_{?%})&%@gm\éﬁioght aver age nol ecul ar

0] nzoxazol e resin precursor

a2\er Bpearrﬁ?(ﬂle lo¥tle¥zadol¥ resopRBtks & (brotecA filghre

~pol'ybenzoxaz resin precursor was treated in the
Pr HRRREhIcaSof ftolRb@RAERNDI On Exanple 1 to obtain a
T R

enzoxazol e "precur sor
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. 2.45 parts (22 mmol) of triethylamine was

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

_was' altowed 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 1.8% 10%,
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varnish (A-2). Afilmwas forned using the resulting
varni sh. The relative dielectric 20 constant of the

filmwas neasured and found to (

Exanple 3 of protective film g&@gﬁyggﬁg&g§§§ﬁ1ﬁ$5§ﬂ%EPSG
precursor was synthesized in the sane manner as in
Preparation Exanpl e 1 except for using 5.652 parts (10

bellr s shemmerssol s proree e SR 1 or ene
290 A of
N gfy??{%g?nf llaoﬂl,ﬁtoqﬁ‘%ﬁaﬁyﬁ ;;vat? ?] n The solution was g.ltzrgd

no- 4, 4' dr oxy- bi phenyl and usi ng

thrB@éH §T§f9or§(r€§"fﬁ€1%d ‘ﬁfaderﬁmﬂ%ﬁﬁﬁt\bﬁﬁ g ReFl &@rwﬁ/hﬁ&oﬁ%ﬁ& to

dichl oride instead of 4 parts (9.5 mol

obéﬂﬁﬁ%woi%&p}&&ﬂﬂ%h @R1).S& ﬁhﬁ%@tf&ﬁleld%sﬁﬁgl tHe

di chl ori de. The nol ecul ar wei ght of the resulting

resBRINGBRARAGX aZeqelali @S Hi8]eBli RGO SOIt Ifdite AIRASHS BdadiBéd ¥hdafound
GPC. The pol ystyrene-reduced nunber average nol ecul ar

to e ght (M) and wei ght average nol ecul ar wei ght (My)
of the polybenzoxazole resin precursor were
respectively 5.0x 103 and 1.5x 104. The 5
pol ybenzoxazol e resin precursor was treated in the
(Preparatioralixrampla g of prapeatiyafidm) on Exanple 1 to obtain a
pol ybenzoxazol e precursor varnish (A-3). A filmwas
f or Aaplyhesrorgzelaeesiepighursorgvasesynthenized nethe sgrag mapner as in
diel ectric constant of the filmwas neasured and

Prepaigtign Egamglesl excentdoy W%&?%P%ﬁ(@@m&l)é’ 4 of

3 39@!@5@{4\@6 afwwg?)w%ﬂsgwi 9th6h’é‘ﬁﬁ?ﬁ‘§m? %rzsﬁ ens ({@qnmol) of

3354 &%gﬁh% i aﬁ@wog%ﬁagéwﬁ id ding 54 phis 5 St pft )‘%r'éﬁhthahc
w# RO G AR b g ﬁhfsgg%%ﬁaec?éf“g%%%
mofelaﬁlt %Sf Eh? r%ftg?g é)t%ﬁb%%g)%éolg ‘f&%fg Sr wﬁﬂﬁezhsured using

room or one

Gg’r o & é)to ﬁneﬂ%ﬁ@éeﬁ bt A I 30 aL el Ffi‘p@ﬁg and weight

m xture at 5C
average molecular weight (Mw) of the polybenzoxazole resin precursor were

respectively 2.1x10° and 8.1x 10°. 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 vamish. 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 mmol) 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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After the addition, the m xture was allowed to warmto
roomtenperature and reacted at roomtenperature for

three hours with stirring. Th ; ) Wdﬁ

of 5-norbornene-2,3-dicarbox??%?gén ygfﬁﬁéJ&gga% e ESG
to the mxture at 5C. After the 20 addition, the

m xture was allowed to warmto roomtenperature and

iso ftﬁﬁﬁice&i@aicﬁm AR tﬁ%&%@ﬁ@w& ht mﬁ@?eshﬁﬂgg?ggg&oxamxe

Irring to obtain a polybenzoXazol e resin ursor.

resi\%&?e&ﬂéc%f%@hagé RSk dkie e d dreTLefh ARy RAendIRIIBE Rimber average

ght of the resulting polybenzoxazole resin

moREFGH KSRt NAR) SRIBGEHER Ve thodecdlde widhe fiesh wreek by
Tosoh rp. and found to be 8.5x 103" The wei ght
pol 8L ol an Fblr@hrswwefure@wﬁvaﬁ 510e0° &Rl 1.5%<10°. The
pol ybenzoxazol e resin precursor was 2.5x 10'. 10 g of
polihezogdzpleassin pestatser vasireated ROtie Sane wakndias oPreparation
N- net hyl - 2-pyrrolidone to prepare a 5 wm % sol uti on.
Exabiydle 4 @b obiata pelghdnizbtapkdreclitsdBvarnish (A-3). A film was formed
105010PC_F-1333_JR-60018US, EP, SG through a Tefl on
usii{g thgiresmitimegdvarnisid e rihrekelafive dietecict donstapicrféhe filne was n@agired
m croneters to obtain a pol ybenzoxazol e precursor
andvigned torbe(304) . A filmwas forned using the resulting
varni sh. The relative dielectric constant of the film
was neasured and found to be 3.0. 1 5 (Preparation
Exanple 5 of protective film A polybenzoxazole resin
(Pfffﬂa@él‘j’ﬂ@ﬁaﬂméf‘s‘? el protrsdY¢ B n” t he sane manner as in

S5 S 1T o 5l Rk st B R
cisghis B Tars o8- 41y Yo S RERSH P B Y iEpasa, sgosphere
2.866)1 Rggtsl?% tr%rg%;ﬁ'sozf%i%y)%%%zo? 885 td?&ll(i_)r‘fdea&’.héj SBW lagcﬁédj&) the
RN SRR AR, SRS BB LTS5
temPliarQ  thdfhixture was stirred at room temperature for one hour. 2.45 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. Then, 0.16 parts (0.1 mmol) of

5-porbornene-2,3-dicarboxylic anhydride was added to the mixture at 5°C.  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 8.5x10°. The weight average molecular weight (Mw) of the
polybenzoxazole resin precursor was 2.5x% 10%,

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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The nol ecul ar wei ght of the resulting pol ybenzoxazol e
resin precursor was nmeasured using a GPC. The

pol ystyrene-reduced nunber ave &ﬂ%}

(M) and 15 wei ght average noﬂ%@%ﬁd&Q%E|g%%‘P%ﬁg SEESG
t he pol ybenzoxazol e resin precursor were .respectively
7.2x 103 and 2.3x 104. The polybenzoxazole resin

thr: l@paréﬁﬁ (Y@Exéré@ﬁﬁ&gudr@ fi tté}%nﬁﬁpformg ©F 025mic meters to

I on tain pol ybenzoxazo

obthin 1 zoR42618 gﬁ&u%r @rms‘ﬁ (ALdyM BSInf RQRIRAMES | 'uﬁiﬂg e

res ng varni The relativé dielectric constant
res&’lﬁng k}ﬁmﬁs‘hl ”‘Iﬁ@?elﬂﬁa%%ﬁél@%@ Rendtai B tHGQilf?lewé’s rﬁeasﬁﬂ:d and found
Preéeparati on Exanple 6 of protective film A
to el ybenzoxazol e resin precursor was synthesized in the
sane manner as in Preparation Exanple 4 except for
using 2.16 parts (10 muol) of
3, 3" -di am no- 4, 4' - di hydr oxy- bi phenyl instead of 3.80
(Prggaition(B-Qnpiod pf pote2tive film)
9, 9- bi s(3-am no- 4- hydr oxy- phenyl ) fl uorene, using 0.97
par Apolybeixambé jesof pre¢res@pirsisahthesize id the simeomanter anth
1.08 parts (4.75 mmol ) of 5-ethynylisophthalic acid
PreparetidroEkataple Asteend farfusingsd 1@ partss(10 enrgolrab| ) of
4, 4' - oxybi shenzoic acid dichloride, and 42
33 1@@94@@4tdmg®xsﬂum:thmsea@f 3 8@pargs(1Agnmoh ?Jf parts
_& mmol ) of 5-ethynyl phthalic anhydride instead_ of
9.9 131%-39‘5@—@ érogy- ;ﬂqgrene and using 0.97 parts (4.75 mmol) of

lsomé{q?a%{sff“ﬁ&ﬁ@%a%%u‘:% RS gREt ek s diengdypisophinalic
sciGRRRIETIF ees elgeRd it by Pﬂiﬁi?’?ﬁg’ W%é%’ﬁ?%ﬂ‘c o giloride.
st B b P SIRRE prPUBRA R} Pl e Jhedblia
usm&r%Péos Tﬁmgol%'%;&f‘ea e ggduc-gﬁ ?H&%ly Q%%Q)fﬁﬁgéu?arrﬁ%}ﬁ (Mn) and -

ecursor € Sane hanner as

welgfrl Ehﬂﬂecﬁﬁ@ %ﬁgw 4 l?ﬁ@]{)d]% nE@ia}éQﬁ'?és‘?ff g?&hﬁor were

ecur or varni sh formed using the

 respeBBWHLY 7P 10841 B3 10Th eTﬁ@b&&bé&ﬁonz@le@@hﬁ Ipfecursor 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.

{Preparation Example 6 of protective film)

| A polybenzoxazole resin precursor was synthesized in the same mahner as in
Preparation Exarﬁple 4 except for using 2.16 parts (10 mmol) of
3,3’~diamino-4,4’-dihydroxy-bipheny! 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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constant of the filmwas neasured and found to be 3.0.
10 (Preparation Exanple 7 of protective film A

pol ybenzoxazol e resi n precursor hesi zed |

same manner as in Preparation(ﬂﬁgigﬁﬁgh]§§%é§16¢ﬁﬁbgﬁmRSG
using 1.40 parts (4.75 mml) of 4,4'-oxybi sbenzoic

acid dichloride and 1.44 parts (4.75 nnDI) of

bl A T
LA T e o
rezﬁlﬁ'iﬁgz;;ol dl%n%oﬂ?g&le)rf %Cﬁlgf)lb@{i P?E‘dﬁhsﬁjd X Y€

anhy [ ar m5|g resu tlng
Sﬁ%ﬂm%ﬁlb%{a%e@a S 1198
po%g The pol ystyrene- éryetgﬁlg&elg&;wu r@e?&aggl aecﬁ ar

mlBhuiHHw i M VBRI SR bhv8L AR rdén PRICAEU} dereBigltively
(Mv) of the pol ybenzoxazol e resin precursor were

7.0:a9pesd 2.2el0f. §hdpolBenReole Ab¥iniRdourstiQvas treated in the same
pol ybenzoxazol e resin precursor was treated in the

maiaakas imireparatias Bxampieshar dbtaina pokdspioxazolé preobisat varish
pol ybenzoxazol e precursor varnish (A-7). Afilmwas
(Afepr madiloswargforthed nsisg thei rospltigy veirsikh. THe: rehitiat idiedectric
dielectric constant of the filmwas neasured and
comstant ¢f the files asOmeszBreRnd feurralt toba 3Ekanpl e 8 of
protective filn) A polybenzoxazole resin precursor was
synthesi zed in the sane manner as in 43
GL0O501CPC F-1333 JR-60018US, EP, SG Preparation Exanpl e
(PrgpaggteqaExampple | of § ﬁg)t@t@e ﬁla? t s (10 mol) of
So?égép )(fl??.,@?g]}gxgg h dro qrs %g}%lﬁ bl Sphenglsz?&lgga%lngrl as in

Prulith BRI 13k %ﬁs’sﬁgp AL L a5 T4 ff
ac1& é%hf?)ﬁdé Sarfd4 1?454 % ) (49.‘55 5m_81%%n olfegjl%g ylet I%'rilsop th;‘l:lic acid
dichloride instead of 2.80 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) of 5 —norbomene-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 2.4x10*. 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 measured and found to be 3.0.

(Preparation Example 8 of protective film)

- A polybenzoxazole resin precursor was synthesized in the same manner as in
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5 acid dichloride instead of 2.80 parts (9.5 muol ) of

4, 4" - oxybi sbenzoic acid dichloride, and using 0.25

parts (0.1 nmol) of 5-phenyl et EﬁﬂﬁE
instead of 0.16 parts (0.1 (E%EMHQMéHﬁi$% RS ESG
5- nor bonene- 2, 3-di car boxyl i ¢ anhydri de. The nvol ecul ar

wei ght of the resulting pol ybenzoxazol e resin

PreBAlS BQAmiRS SREAAS BB mAB of i n
9 9%@ ﬁpﬂ%ngaﬁﬁg RUSNRIS- bkgbh@meﬁ%ﬁﬂumha DistcbWF 38D parts

Z0X resin precursor were respectlvely

(10%&61)%@3 ﬁﬁg(ﬂarﬁ?ﬁomgydr&ge Ry Pa6ZA A%kl 9BFrts (4.75 mmol)

precursor was treated in t e Same nmanner as In
of BRI Rt RINiENAW dd 40paks @173 BmpDlof Sgieaysd@hdisophthalic
precursor varnish (A-8). Afilmwas forned using the
acidl @RH1okidB Snsvead if B0 phiRe (9.6 naholy ef debegiisbenzoic actidididhloride,
of the filmwas neasured and found to be 3.0. 15

and \Rirg®m2 Spares(OBxmnll )eofF -pliengletdiyagiphtialit ahingdride instead of 0.16
pol ybenzoxazol e resin precursor was synthesized in the

parssgfid mmnherf Sawrborne®r3Palicbaxyliessinpiriges Ehespicchilar weight
using 2.0 parts (6.7 nmmol) of 4,4'-oxybisbenzoic acid
of the oisiilbing gelybrnzaaaBBe prain pre¢s@ wasohgaswied using a GPC.  The
5- phenyl et h nyllsophthallc acid dichloride 20 instead
polpftyrengrasiaeesnymbes awemgg mgfeculanwsmy AYlshand weightaverse
di chl ori de and using parts, (1.0 nmol) of
mokcrewsiskt Ay phike 8 Ybenza)am@ﬂ&? FedB PIRQITE VS ragpacsively

62%?%&% oggwmlﬂ%oq WSE R G BIECURE VeudSdg the same
d

s ds THIGPURYL GraTE 2 G PP TR e S o

(A- gfl g«gh{rﬁ gva%) andedvi\ﬂ%h%qhe e\él?fﬁ%g %aﬂl?ghec%lh% el%éfegtﬂglet(:tw

enzo azo ere precur sor

const?iﬁtp(?fctflé ﬁﬁh%az rr?e)églﬂgt% Qxﬂpgo%ah i‘ollge %_O_The pol ybenzoxa_zol e

precursor was trea I'n the sane manner as in
Prepar atl on Exanple 4 to obtain a pol ybenzoxazol e
precursor varnish (A-9). Afilmwas formed 44 G

PreyfarfibRkatiple3B ot BB ROl BId), EP, SG

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 parts (0.1 mmol)

E ~of S-norbornene-2,3-dicarboxylic anhydride. The molecular weight of the resulting

25

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 7.5x10° 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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using the resulting varnish. The relative dielectric
constant of the filmwas neasured and found to be

3.0. (Preparation Exanple 10 of Y [ 5

pol ybenzoxazol e resin precursoF“&é@hﬁﬁﬁfhﬁééi%§2WHﬁﬁﬁéﬂRSG
same manner as in Preparation Exanple 4 except for

using 0.84 parts (2.9 mol ) of 4, 4'-oxybi sbenzoic

osB e AR b oo SR et eBint o8 e g ags mgsured

. t .5 mmol ) of 4,4'-oxybi sbenzoic acid
angif%%rﬁlgt:oi e3('(gnd using 0.25 parts (1.0 mml) of

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

parts (0.1 nmol) 10 of 5-norbornene-2, 3-di carboxylic

(PRPAMEADL BRamplRel 0B pRGHitAL fMRH Nt of the resul ting

pol ybenzoxazol e résin precursor was neasured using a

GPC.A §b bERAKELIS SRAT ?&%@&d waB WPRREsiANEMAUE sARLSRAMRS as in
wei gh Mh) and wei ght average ndl ecul ar wei ght (Mwy)

Pr&farationEERBhYIO ANSQREHZ Pk Q1s1n@S0.84 PRRS 2.9 GhmoBl & 4.4 -oxybisbenzoic
?jespect i vel%/1 6. 8x 1?fOS ané@z m@%4@The B Y

acjdadigtilerid® x@¥ Dl0epatte 6.7 pimed) WwisephengietiyngHitttatic tabil dichloride
same manner as in Preparation 15 Exanple 4 to obtain a

ingpeidydfeh 2 aez P S mmebusfsgd’ -vaybistehzdid-adid) dicllofidé emdvasing 0.25
formed wusing the resulting varnish. The relative

paxds €l.@otmdly ot phemdathylylphilkalic dnhydvide ivstasdiof0l 16 pads (0.1 mmol)
found to be 3.0. (Preparation Exanple 11 of protective

of Srparporneneal Joligaseorytiz anbydride siThepmelegnlgn weight of the resulting
synthesi zed in the sanme manner as in__ Preparation

PO@%F{%ZOA@ BRivgpecuryy Was imegsured upag e GRGO. sThapalystysene-reduced

i sopht halic acid dichloride instead of

nuglivgfh%% 4%?%51 Stg ight M) ang- we ghiiAvsFagR Fapleculari weight (Mw) of
the B bR Sl R T QEArr cuslE shmssuehaat fRand Py 1g".  The
polfFizatREI L R NGl i 95 R B Preparation
e SRR L PP A s e
usifg%'tﬁébl%ﬁﬂﬂﬁ z/Qlln?sh! e%@ r&ﬁ@@'&iﬁ@ﬁﬁ%n&tﬁﬁ%ﬁﬂe ifﬁ'mt\pz?s measured

Mme manner as I n Preparation
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 6.5x10° and 1.7x10*. The

polybenzoxazole resin precursor was treated in the same manner as in Preparation
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45 G 105010PC_F-1333_JR-60018US, EP, SG Exanple 4 to
obtai n a pol ybenzoxazol e precursor varnish (A-11). A

filmwas formed wusing the re ing.varnis The

rel ative dielectric constant §#$%ﬂ8§?#$ﬁg#%ERﬁQQBﬂF%ERSG
and found to be 2.9. 5 (Preparation Exanple 12 of
protective film A polybenzoxazole resin precursor was

eI BT 080 b0 TE73 g Ry oo
win o AL 2,061 DAL A5 A B8

d 8Rdatssi g 0.50 parts (2.0 nmmol ) of
an 5- phenyl et hynyl pht hal i ¢ anhydri de instead of 0.16

parts 10 (0.1 mmol) of 5-norbornene-2, 3-di carboxylic
anhydri de. The nol ecul ar wei ght of the resulting

(PreRRAtuRERZMAZ 02 Bf proficiivPfiRgUr SOr was measured using a
GPC. The polystyrene-reduced nunber average nol ecul ar

weAgilyelhgxaasld resth Précusor vagiesyniitk 26l iR the \int nahd¥) as in
of the pol ybenzoxazol e resin precursor were :

Preparesige Ekanupleyt exGepdorl@3n@nd phrtsx9.0 @inol] bf F AL oxybisbenzoic acid
pol ybenzoxazol e resin precursor was treated in the

dichlpaide inteadesf 28 parts (PSemarcit oDA,4E0aphbendoit acabti@ghloride and
pol ybenzoxazol e precursor varnish (A-12). Afilm was

using @pthperts .6 gunelp of Ephenyletyyndphthslic arfiydride inatcad ef 0.16 parts
dielectric constant of the filmwas neasured and

(0.1 mgiphok ynpbomege-2fodicmbepdicaanhydride aiileenalgehr weight of the
otective film A, pol ybenzoxazol e resin precursor was

resuldne, ¢ pRoKhepgerazaler mesi apRECHEMN SYasadngasuredr Biag ati GRC.  The

Exanpl e 4 except for using 2.2 parts (10 nml) of
polysiyrand- iy BUmbEr AFmgelrBFE i Mesight R N S—
rts ) O . .
molefil Srelahd BT lof b et ehepesiignlss FeingeHEOT Gt gospetively
< TRRL mol ) of isophthalic 25 acid dichloride and
6.3 ]@ééé§6§?3§4'(2.9 mol ) of 5-phenyl et hynyl i sopht hal i ¢
Aol ﬂél%@n‘%k&gle 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 Example 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’~dihydroxy-bipheny1 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)
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instead of 2.8 parts (9.5 mmol ) of 4, 4'-oxybi sbenzoic
acid dichloride, and using 0.25 parts (0.1 mmol) of

parts (0.1 Ml ) 45 G100 1 opcoR O AREE R og ofaigps Epse

SG of 5-norbornene-2, 3-di carboxylic anhydride. The
nol ecul ar wei ght of the resulting pol ybenzoxazol e

of r5§rﬁzir BEREN B %@%hggﬁ%@hr%g uﬂl@ gm?eeﬁ’r%ve' @?of the r%stultmg

yrené redu average

pogMa)l (&QQOIEV%S rePUSSARE HBsGEH R %ﬁt‘t flgét"?olg{tgjreﬁ}ggeduced

enzoxazo resin precursor re respe

nuid®3r Mact Bftedfid wei bR (R hﬁ RRIAR% &R EmbREIEr weight (Mw) of

precursor was treated i n'the sahe manner as In

thdpSPEEn2biLBle B3R g@cﬁrsﬂr WereQBiRbivdy mlxw%ﬁ%@zw € The

precursor varnis A filmwas fornmed wusing the

polydskiidxbide y@fﬂp@&nrsdfhﬂ\s ru@a@:ul i ehetaRle@fdrnkLasGa 'ﬁé}%ﬁtldﬂf
the filmwas neasured and found to be 3.0. 10

ExbRpRpBtoadbitain apoisph@xdfoloprapiisbeedrhive (A113M) Afilm was formed
pol ybenzoxazol e resin precursor was synthesized in the

using e resuitieg varaishn The epaivatdidectix anplamt 41 e ddmtwdsaneasured
using 1.9 parts (6.3 nmol) of 4,4'-oxybi sbenzoic acid
andifaidde beld.0and 0. 64 parts (2.1 mmol) of
5- phenyl et hynyl i sophthalic acid dichloride instead of
2.8 parts (9.5 mmol) of 4,4'-oxybisbenzoic acid
di chl oride and using 0.50 15 parts (2.0 nmol) of
(Prspafhféwyﬁé&mglﬁ;m ohprehactive MY dri de i nstead of 0. 16

parts (O of 5-norbornene-2, 3-di.carboxylic
an h)‘/”dP‘i’ a'éenzqqs?éo eé’éld]’rﬁ?ur\?@ Wit syrthasfred fadhy 63mAg manner as in

Pregpclionig °Xafeyisf?y%§ * P d S heapmal) of 4 "’“%xg%qnzaw acid

dlcﬁfJ ﬂ? I\/Q?S4and ght (?l)l aﬁpb?rgiegﬁw 15 1c ac(l ichloride
1ns{e§§ %genz dits 65?35 %n% faﬁpﬁj’ (}x %Xsb% 010 ad éf QHonde ?Ihd using 0.50

e res n precu SOr Was

Y N
of fj-q{o?ﬁﬂnedésl BQidaltfox ?ﬁ@ ;éhﬁ%d}gievamﬂb SHoleddifr W& ém lo¥&he resulting

di el ectric constan | mwas neasure
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-exchanged water, and 30 g of a 10% tetramethylammonium hydroxide
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and found to be 3.0. 25 4.2.2. Preparation of
filmformng conposition for silica filmA separable
flask nade of quartz was char 7

distilled ethanol, 160 ¢ %§§5§h%ﬂ%§g§§g‘ﬁ%6mpsg§ ESG
30 g of a 1096tetranethy|annon|un1hydrOX|de 47 G
105010PC _F- 1333 _JR-60018US, EP, SG aqueous sol ution.

aquzgﬁ %lﬁﬁ&f { r THE Q{ufr@ rngsy uﬁffbférﬁgdséu‘édm X Yhkoft d5€36 g of

oxysi I'ane an

methgftﬁﬁ%BW%é Qrﬂie%mf"g—:%&h& sﬁlﬁ‘lfe V%’é $de@Ro thE®lution. The

nponents were a dtore five hours while

congﬁ%eﬁ@ Wakd Wi 5 Pdadt fR %v@thoﬁﬁ%ﬂe%aﬁfmﬁlﬁ%tr@ct@hitioﬁ Bt 60°C.

g of propyl ene glycol nonopropyl er to the

Aft&OhE i @ffion (S0 g”bf(f)ﬂd)ﬁ?leﬂé@lﬁep aRRbprapfdetRér P0he Wshukign, the
an evaporator until e solid content was 20% (as

mix&GERlR @nddnea RS 56°C QﬁﬂFﬁﬁ%h@iatﬁf aghilcthy sofldhesnterdtOvags 20%
of a 10% propyl ene glyco nonopr opyl ether sol ution
(as @(S ?léﬁthydrcﬂjzslﬂcmﬁﬁnﬁtﬁdﬁ@récmct)heThederg ofat 80% ropilaierglycol
ilmformng conposition (B-1). The relative
mortbp@d)@(ttetheu: sohnhaolt acssis avidh s eslded itonghe tchecentrate to obtain a
filmform ng conposition (B-1) according to the above
filmefominirg ¢ompasisiond®- Bnd Thegelatvendielestrivecanstagt was megsured using
Preparation of filmformng conposition for silica
the ffilinafofhimgdcarepasiticay 68-)1) Acewgingalyl thef ahoyr gyatpation method and
quartz was charged with 470.9 g of distilled ethano
fOUIEDE’bP?gZ% i on- exchanged water, and 30.6 g of a 10%
pot assi um hydr oxi de aqueous 15 solution. The m xture
was uniformy stirred. A mxture of 44.9 g of

42 %nztsl’q RIS HRROEBGCeamoseh oy i R maiRves e
iR s anad o?fu”e gt b Bl 85%1 PR it gehancl,
2063 of o?lolg Lo ({hﬁl gef%o\@? §HaC336 L%d?l 9%%@”?)0&9%1%' r$)8%e taal?eous

ure was S clen Irr

soluttl ﬁ400‘iﬁl: ﬁni‘ﬁ rd lﬁﬂflfltﬂgjf Uftfired?0 'ﬁt Rlixdate (ﬁdd-'Mt@ OB of

propy ene glyc monopr opyl ether to the
metﬁﬁﬁ%étﬁ&ysﬁﬁfe 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 2 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). Then, 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 to be 2.82.
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m xture was concentrated at 50C using an evapor at or
until the solid content was 10% (as conplete

hydr ol ysi s- condensati on produc f

propyl ene glycol nonopropyl @HQ?(“@E?UFJ@%%@'% ?@Iléﬁg/oEPSG
acid was added to the concentrate to obtain a
filmformng conposition (B-2). The relative

1 ST B RS TR B, 0 i

(Pfeé%%ﬂ@ﬁ E%%%gﬁfg%ﬁ%@igfn@gndséo E)1622.482 .Pr gga%toisgn of
fil ngyf
A o o L L

didsBlvB@5in™430 aht of dry N-methyl-2- pym olidone. 303 g (0.1 mol) of
2, 2- bi s(3-am no- hydroxypheny hexaf | uoropropane was

5- }gieﬁgl@{ﬁyﬁﬁhdo@hﬁﬁﬁc rikidodichibMddNwiRtdikd 2o ive ESlutiSORE 10°C in dry
1"'nol) of 5 5-phenylethynylisophthalic acid
nitébgehi) OAﬂdﬁth&Qﬁidﬁiﬂ)ﬂ?ﬂlehﬁlXﬁdﬁé wao ktifrédix BI°CHOohdhéliryand at 20°C
nitrogen. After the addition, the m xture was stirred
forabnd Qfouf.or Afine cooling ahd redctidd iqdid rtooh@Hox.3 AR0LL mol) of
cooling the reaction liquid to 10C, 22.3 g (0.22 nol)
trigghylamiriesvdsyddded methwasactidoldiduido tAheluteaqirepared by dissblviig 40 g
sol ution prepared by dissolving 40 g of polypropyl ene
of golyauppyiens dyerhiv@rapyoprepy etherrmauifagtrddy Aldrich (0.01 mol,
Aldrich (0.01 nol, 10 nunber average nol ecul ar wei ght:
numberngverage Todeenlar weight dRE0bR: 1100mk of seramadhmtyrplagtone was then
added to the mxtyre at 10C in dry nltr@gd After t he
adgeddior thsmixtye % 1>Q(Gr1§ R nitregeny r eefteatth lfﬂerl, Bifetisife was
C for ur Af t conpletion o
Stl‘ir%‘gﬁﬁ%oé % fo(“ﬁéloPJé 3§ Gf L%%d‘o\ﬂlé?s #ffer QP@BI efign Péﬂ’&f@acmn
orlde Af.ter. the 0

the FAFETD AR P ] ﬁr%tﬂ FJePPifite %‘aﬁ“ffﬁ pirEB T onAger the
dm?w?se a(ﬂ];tlé O @é%%@&f H%&i? t&t I%I{){ea 109 s; 060 é’f éon-e}échanged

pano reci was CO ecte
f
N
of WeldWHenBdxab b8 {eﬁﬁuérlghﬁgorpgl)y beRZ Q8B4 e8I weight average

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

using a 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 varnish (C-1). 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 2.2.

(Preparation Example 2 of organic film)
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usi ng a GPC manufactured by Tosoh Corp. and found to

be 25,000. The nol ecular weight distribution was

2.20. The introduction rate of [ ol

20 conponent determ ned by 1H—ﬁbg89gﬁﬁgé‘%ﬁ@ﬁhg%&gggﬁJmasG
t he pol ybenzoxazole resin precursor (1) was dissol ved

in N-methyl-2-pyrrolidone to prepare a 5 w % sol uti on.

The .Jféj E) @ r@)QP’%ﬁolf) ol :3;5 ’ eﬁa&ﬂf&@%dlﬂy&rﬁ&%ﬁ%&ﬁ? g\iaﬁ tcﬁg ssgled in

tra ter w ore sSize

29?0?19 Bf% porgéﬂ Qjﬁn()ﬁaélﬁe A1Rg! %%t?gwm)%ﬁs-eﬁﬁ)n%sophthahc

rmed usin eresultin

aci@dlel'ﬂ%ﬂde WAEadRU3S IR ofliBh &E 590 & 1@@%&1?5111%%6& he 25
pol ybenzoxazol e resin fil mwas measured and-found to

be 2rin, (Frnepa{@bs®mdbxasl 16thyRY1G8phdalid hed &i@mb id
GLOS0 | OPC- @%33 JF@éom u§ yEP y%i ?9 46 g (O. 0 was

add®d o BE m3xtBre £ Q0N Qesd irftdryHifyEBnO X Wiiep Hﬁﬁddltms the mlxture was
di ssolved in 292 ml of dry N methyi-2-pyrrolidone.

stifiréd 361 @ C(for 68Oham|ahd af 2BCefoh iy hagopAlfleatidtingakid tbaction liquid
di chl ori de was added to the solution at 5C or less in

to P onless, agehitiof peepareichyldisgplving 08.80 @mm-mmnobenzoate-tcrminated
5- phenyl et hynyl i sophthalic acid dichloride was

styaettbeel igomer HB.00BQ moal enwnbds @veragé emdedubardwsight: 196a@em 100 ml of
After the addition, the m xture was stirred at 10C

gamara-Eolstmearas added GCheonixsive ithdur nittagerer Aftsithegddition of
the reaction liquid to 5C or less, a solution

22&6@ Zoopl) of ,tg%byl@mﬁg: e, mEtyge gras stirred at 10°C for one hour and at

m nobenzoate-term nated . styrene ol i goner

20?% T INAYET VG SGRIPHRSIOB g reptiognthe rg%@}l lwdlw ﬁéltered to
iy R PRFRRE PR B s i

. to %ITD Brl}i):%ﬁsgohthti)oil?reg idaaf?{)n-q %4“ é(ttgy %‘g(bﬁ%f EPPlté)&)gI&jOlathe precipitate

wa? Q:gﬁl:&éd g{i'd Qlfneﬁ hcg bt a?rr? 60, otfea é&ﬁﬁ%{zgig 4oieqi'<'=, H‘n ﬁ%?ltlrsor (2).

ed remove anln on

tion of - exchanged vva and
pol9berze RRARPRER predudor Qﬁ)e@ﬁsolh%hfcd using a GPC manufactured by Tosoh

Corp. ‘and found to be 21,700. The molecular weight distribution was 2.74, The

'Th&h;)egf ?Pé{ﬂe%d@&@ t\k}éight()fa Hl f '[11(?119&1?& l‘ngi thg fesultmg

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 varnish (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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was collected and dried to obtain 60.70 g of a

pol ybenzoxazol e resin precursor (2). 15 The

pol ystyrene-reduced wei ght aver ul _kg@ f

the resulting polybenzoxazole(ﬁ®§?ﬂﬁgﬁggﬁgéﬁﬁfé BREQHRSG
measured using a GPC manufactured by Tosoh Corp. and
found to be 21, 700. The nol ecul ar wei ght distribution

o1+ gt 0o milifeo hE AL cefibrcB bl kb ABE by Kfon gy focd

; ; t I ' 2
PIE 2R 0! Char g R PR Gl B g SEUEREY, e
tetfdX@stS PNl ipADs MRS [ﬁdll!aﬁiﬁhﬁ 3.1 hop H&hmob]]iﬁ{gbg&yigh%gﬁrﬁﬁ@ﬁﬁ&dium,

trademark) filter with a pore size o m-croneters
1.44_o$ abtcpper ddida! 20 &l of Sipéidiné) anAABY enZsxazol e resin
filmwth pores was fornmed using the resulting
4,4 ifnRsbdindpiRnotWbéizbpiendhe! esftéd the eQdibRot 6348 & be
pol ybenzoxazol e resin fil mwas nmeasured and found to
4, 5likthyiy] diphénid. chher,Rhe paxtatd wis dfowedltonedaor 41258 for 20 hours.
conposition for organic film (hard mask | ayer) 50
Afet GalfjeckDRChéreatiBRBHIR] GORPRCIPiEAYN SGce AsingO 0 ofrhcetic acid, the
t hree- necked fl ask equi pped with a thernoneter, an
presipyafe yasdissodeedih prclolaxdnenes wiashedrtwivgsvittheltrgpure wiatdy, and
120 nil of tetrahydrofuran, 3.46 g of
caysed farepsaciifsirainngphbelipnethenqlal Thelprepitatewag fdfered and dried to
di chl or obi str.i phenyl Phosphi ne palladium_ 1.44 g of
obiagyheelymsaidath dyeight yferageserlegilstayeighipf BEH0O2 g of 5

4, 4" -bi s(2-io0di nephenoxy) benzophenone. After the .
add?’?i%ﬂlﬂ fhﬁ B«gm@p 3 §ps igsolved, i) By P ayghphisngaongt thepbtain a
the m xture S | o tq react.at.25C for 20 hours. .
il g A Ob R TPhe. ThoCHRGHT SHEIFGITS pOstant was measured using
r Lpitation.tw usi of, acetic acid, .the
thei R Rflg BBl 08 S0k o Ju B 1bRa0H Botpd Snd oun
tobdM 6 W th ultrapure water, and caused to
reprecipitate using 5 1 of nethanol. The precipitate

was filtered and dried to 10 obtain a polyner Awith a
wei ght average nol ecul ar wei ght of 35, 000.

[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
boating 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 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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30 g of the polyner A was dissolved in 270 g of
((:ycl ohexanone to obtain a fi I mform' ng conposition
D). The relative dielectric
using the filmform ng conpos ﬁﬁ%b %3%'1%3%&%%}8313’8(}
t he above eval uati on nethod and found to be 2. 93 15
[Exanple 1] A CVD filmof silane and ammoni a was
Exaf %)r?d on an 8-inch silicon wafer to a thickness of
1000 angstronms using a Sequel Express manufactured by
Nevel | us. The elenental conposition of the coating
was Si (50 atomc%, O (4 atomc¥%, C (3 20 atom c%,
[Exﬁln Q23598 c%, and H (4 atom c%. A copper filmwas
cked on the coating by sputtering to a thickness

of HhAOQnMast tOMB . 2 Bhiifite ABRIriIinBGo leBeh eR@IPID @A FuaEed B the

filmformng corrp03|t|on (A-1) to the copper filmto a
sarichinfle @S 9s Oh ERGpRNJS bx@ps , fof hehasigigt thet polybenzoxazole resin

sintered at 420C For 60 mnutes on a hot plate in a
filnpidrindgesongiorition ieedin Bdngple Appilyblad shtves dicl didectric breakdown

insulating filmformng conposition 25 (B-1) to the
voltagoof ¢aah &antioata. t hi ckness of 4000 angstrons, the

substrate was dried at 80C for one m nute and at 200C

for one mnute. The substrate was then sintered at

420C for 60 mnutes on a hot plate in a nitrogen _
[Exampdssidhere to forma | amnate according to 51 GL0O50

| OPC F- 1333 JR-60018US, EP, SG Exa le 1, t2

to f’iE]VD AlEes silanesang angmonia was| fgr %%Eé&&éﬁ‘ﬂ&f’t water to a

le was fornmed_ in 5 sane. nan

thlc%wfﬁ?é? é&§€BWSflﬁ}ngc% ﬁﬁweﬁ EXPW@S %P%&W?ﬁﬁé&@?&eﬂhs The
oA ceom R PhiRar A EE: V1t SRS P& (R EoBie s €

atomlc%, Na@() a%ormc%), 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 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 insnlating 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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[ Exanple 15] 10 A CVD fil mof silane and anmoni a was
forned on an 8-inch silicon wafer to a thickness of

1000 angstronms using a Sequel I |

Nevel | us. The el enental conpogﬁpﬁgﬁﬁggﬁgﬁégg%g@ﬁﬂ8B¥JHRSG
was Si (50 atomc%, O (4 atomc%, C (3 atomc%, N

(40 atomc¥%, and H (4 atomc%. A copper filmwas

th%*(ﬁfgsggyg lgg% é{:ﬁgr?sﬁ@q{&p{ﬁg? §§%L%F§;‘:?( %'é% E%Fﬁ%cﬁréﬁf KBG&Hs. The
el@fdn¥ie #fhneof km%iag%?s@%f @?g‘ggsa't&hﬁ'% (v} ta{%(é}nfc%, C (3

copper fiimto at angst rons,

atGHRYD! &t ROWRSIRIAY. B8 Y adRREzhor A%Pﬁémﬁfn?%va@ Nt kBPhon the

plate in a nitrogen atnosphere. After applying the
cosfing && ispetedridiel 80 4 | thidkh&k b 1000 MRRSHLERD Aﬁerl)aﬁbﬁzing the
the substrate to a thickness of 2000 angstrons, the

pobibesidxaide \s-fafmhag @mpdeiGon f(@r2onethsicoppe MRttah tHoBfess of
for one m nute. The substrate was then sintered at

500 2065t20nd, die SdsnatourBSsimered AdP0M fires( Mirfitddi 0 Q@®enNplate in a
at nosphere. After formng a coating wwth a thickness
nitpdge COMosphgst r oxfer capphyhies shib siflica tissulesing gfinkEoronigga komposition
insulating filmformng conposition (CG1), the
(Bsloibe threatubstywie taa thickngss 80Z000@mgetmensyitivusubstaiatd ves d2@06t 80°C
for one mnute. The substrate was then sintered at .
foramganinpie g a20Q Cefor one minge. pllg wbisiatg wasithenoyatared at 420°C
at nrosphere to forma | am nate accordi&% to Exanmple 15.
for0) minutasonea hag plate myonitioges #mosphaine AHer formbg acaptisg with a
f.ormed an 8-inch silicon wafer to a 52 G1050 .
thiflegees pf 20005mesenen Mo bsirataasing he pigasié ipfulatggilm-forming
angstro usi ng,a Sequel . Expr nufactured,b o
ot O 2t SPiortE es aried R ETT: 108 e Mot 2R &Y 20R5C for one
. . (5 t.om.co 0. (4 atom G2 (3 tom c,, )
wife g FEsFAETA ben inlfehCEAFCtor 5p it 2 3 pide in 2
. ' ; Ik t hi ckness
niefp B st R o WA ecoPd T 16

[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 Nevellus. The
elemental composition of the coating was Si (50 atomic%), O (4 atomic%), C (3

atomic%), N (40 atomic%), and H (4 atomié%). 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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5 pol ybenzoxazole filmform ng conposition (A-2) to

the copper filmto a thickness of 500 angstrons, the
substrate was sintered at 420G §f000 #1954 GR- 018080 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

thic?xgéﬁ bf 306 anBSrotitsl GftRtsuBRfate hiSihg IRNE offiafid! s thgailnNEkming

one m nute. The substrate was then sintered at

contpéfGod QCT19/thS Quikiratet s diedart BOWC Rir@n€ nhiflu@ aftl tat Q0E'T for one

at nosphere. After formng a coating wwth a thickness
min@fe. 2000 sabipstd REStRA stfi@red UbgROE for W Mmihutdseorpa Ganplate in a

insulating filmformng conposition (C2), the
nitréughskmadphewas Adter doinéihg 8QCafiny wither thickness afrid0atan2@@s on

for one mnute. The substrate was then sintered at
the 4DeEatk asingGhantiticd fikn-dormdng oomposiien {Br1y thasubstwgerwas dried at

at nrosphere to forma |amnate according to Exanple 16.
80°C For] dheamiute drid] at RQ00YDIdr dne roinutsi. | dihe subdratgrwen hensentered at

formed on an 8-inch silicon wafer to a _thickness of |
420000 6P geinpsrwNusilng Hatsdn ke nitogen asmosaheis i fyped lppinate

Nevel lus. The_ el enental conposition of the coating
accarding 8 Egmoplatldni c%, 0 (4 atonmic%, C (3 20 atonic%,

N (40 atomc%, and H (4 atomc%. A copper filmwas

stacked on the coating by sputtering to a thickness

of 1000 angstrons. After applying the polybenzoxazole
[Exﬁmﬁlﬁggbrm ng conposition (A-1) to the copper filmto a

& A EV DR B of :%faiﬁ%?iwﬁ?‘iﬂ% el SR A8 Fpdfflicon water to a
. it . : b
thzcl?rl}%% gg?&)(ﬁ gll}%%ﬁ?ﬁn?%l@l{lﬁg% ge F,rISEQ bl aé{fﬁ?t _ef')b%'?%lev lus. The

ing rmPng” conpost t1on the
t L. ' Y .
clen T Rt B o PeCRRg s TP AMATAGTD ( APmicBoS ©

atonflig%&oﬁe@m Aoth8%)T Bk $1RE hiodlien Yasa tldappersfilti ¥/a8 dtadked on the
420C for 60 mnutes on a hot plate in a nitrogen

t PBsUtRrindf tRra fiRiRARY S q0801 Agswbing. a Ahd thg the
coutfa BRI ng 1 60018US, EP, SG ° aPlyihe

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

54




10

15

20

25

' atorﬂnc%m Notd#i atgmicdp 68

t hi ckness of 500 angstrons on the substrate using the
organic insulating filmformng conposition (C1),

the substrate was dried at 80 P8t e AN sBt Epse
200C for one mnute. The sub%[lfog 1e vva“gniltgﬁgﬁmy nt g?eéa’
at 420C for 60 mnutes on a hot plate in a nitrogen

at nosphere. After form ng a coating with a thickness

420@?@ HE%0 AR A4S 19& 54?56%@ Srb3pige thForsh I Efninate

II'mformng conposit e substrate was
acc&iﬁir%%@x anPRA & or one m nute and at 200C for one
The substrate was then sintered at 420C for
60 mnutes on a hot plate in a nitrogen atnosphere to
forma lam nate according to Exanple 17. 10 [Exanple
[ExdiBpleASEVD filmof silane and ammonia was fornmed on an
8-1nch silicon wafer to a thickness of 1000 angstrons
usi NGV Feeudlsilimepindsanmemd fvas tformeell dry alNSvisdH silconTwefer to a
el enental conposition of the coating was Si (50
thickhessiof 00 @ngsroatsarsing?d Sedqde] Expatomactfpctundd(ByONevellus. The
atomc%, and H (4 atomc%. A copper filmwas stacked
clergentd] hepniosisivat o ghebyoémpgt\ﬂ@r Shd5® aqtemich)c khés sitarhic0o6 3
angstrons. After applying the polybenzoxazole
§l 6hatomios) oA apeDGOpe s asked o8 the
t hi ckness of - 500 angstrons, the substrate was
Coatsfl&}tté’r sHutEarmgo 6C F Jhicknessi atit 090, Angstionts. pl After ,aﬁpléymg the

i trogen atnosphere. After applying the s |ca
polybemesazals g”ﬂmrﬁowmgr%ﬂwgﬂéleﬁdgsu foofhe CPBP‘?E) %to{ f£hickness of

500;38%%&% Zh%l\ggbasmtitigéﬁzalégsﬁrﬁ%@%faé é%&g} ?cgg@t muﬁ&%s ona?1 &otaplate ina
The substral

nir G ARy AU e S SR b Aot 407 o on

the 9@"@%@*1‘1%3 éAth Ghic 119{@&%{1@&? ?{nﬁx{g% r#dg{tﬁ’é‘ (?pgcmesﬁﬁstrate

was ?%H a?g('t)"ﬁgfof‘ bhgﬁ]fl ghﬁlﬂ%t %@“@ ?&' Jrﬂe‘?fﬁn(ng 2)I‘he Ellﬂﬁtratlslov_\f_as then

e was drle at for one mnute and

smtér@& aP @90"@"1‘&”6(? mid{t6s N k&sﬁétaﬁlﬁteVﬁSa hiRIEes iafth8dpReredd form a

for 60 mnutes on a hot plate in a 25 nitrogen
lamﬁhﬁ%&i}ﬂ{r%toﬁxﬁ@pleﬁ@rm ng a coating with a thickness
of 1800 angstrons on the substrate using the silica
filmformng conposition (B-1), the substrate was
dried at
[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 used 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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80C for one mnute and at 200C for one m nute. The
substrate was then sintered at 54 G

105010PC_F-1333_JR-60018US, EP, S5 ﬁé{%?fﬁ%?% éﬂﬁgfﬁsﬂpsg

on a hot plate in a nitrogen atnDsp orm a

| am nate according to Exanple 18. [Exanple 19] 5 A

CVWD filmof silane and ammnia was formed on an 8-inch
thRkhésS OF 1086 Ghgd@dnR usﬁr? E%rew%nﬂmﬁ&écpw NESENB. The

a Sequel Express manufactured by Nevel | us.

el@h@&IRNERhp &R0 6F &neoeoaaﬁlgt Wes @.@6(50 NoRY: )Slo g@oatomlc%), C (3
atomc%, 0 (4 atomc¥w, C (3 atomcy%,

at@hiR)C W (d0aadmit % ¥ aall Hi(4 Womil%9 0P ACFophid fﬂlﬂ\ﬂﬁassﬂtzﬂ:‘klﬁ@%n the
on the coating by sputtering to a thickness of 1000

coathgs thyo sputtedrize to ap pthjckAgsst b 0D0P ahydo@ABOX aAfbe applying the
filmformng conposition (A-1) to the copper filmto a

polybenkoxassle dilm-bobingngsiposition (ARE) suthstaoppe fi¥as to a thickness of
sintered at 420C for 60 mnutes on a hot plate in a
50fiangstyens, dharosiratcevas/finteredfap DG far @hmiinutes o & fhoaplate in a
t hi ckness of 4000 angstrons on the substrate using
nitrégengiigasphers. n\fieatvmyng ial oeating mithgr dankpossi afi 2000 (agzstyoms on
the substrate was dried at 80C for one m nute and at
thepgybetrate usipg dharpiganie nsplasing fla-fosmingpomposision(6-1), the substrate
sintered at 420C for 60 m nutes on a hot plate in

wagdtied @teﬁo Gt fop epmBinaits and %erIQPaC fcrrm:ﬁ%weteac dbe alﬂhﬁgatedﬂas then
| n. Exanpl es 20 to, 32,

sm&er%%‘%r #gfﬁc éﬁ%@ﬁ% qsgg%téghﬁzﬂﬂawp% aveaf O3k 2%05%6% eAfter
19
rorffad %o'%%e@‘ifn“@%!zétﬁrcb?sgsq?%ﬁ.apmt?oé? g e s
msﬁf’a‘?gg fﬂmEf(O%rs%J gafcalﬁ%gﬁrft on ! lﬁﬁ 151, { tf%t? %ra%&gﬁ odS gﬁdeb {or one
mlﬁﬁlg‘a(ﬁg‘at‘ Sode! %HPERZ ﬁii ' erﬂ‘# LL[B E?J W 3G herf QHRES 4&4%"(: for 60
and t mifo I on

e organic | nsu ing rmng COMpoSI

miff8d ohNa @é@'ﬁ?&t@%@mﬁdﬁﬁ?ﬂmosphere to form a laminate according to
Example 33.

[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 80°C for one minute and at _200"C for one minute. The substrate was then
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25 [Example 33] A CVD filmof silane and ammoni a was

formed on an 8-inch silicon wafer to a 55

G105010PC_F-1333_JR-60018US, EP$G ; bpggcﬂ(? f6069§@S,EP,SG

angstrons using a Sequel ExpreSs manufactured by

Nevel | us. The elenmental conposition of the coating

was Si (50'atom’ c®, 0 (4 atomcy, C (3 atomc¥h, N
sint %[3 biCFor 80%niufed &t A& lateAinCQprﬁi%%efn' %ﬁﬂ Rere.  After

st acke coati ng by sputtering to ess

forﬁ{m QQQa fth %rfﬁmkﬁés"s‘%ff 2000 2} Dnlshé e substra)te usm% the silica

benzoxazole filmformng conposition (A1

insﬁ@ﬁﬁgrﬁlfﬂ ol Bohipbsitkdie os- 12; the 2B stBRO s Odfod bNBO°C for one
subsirate vvas Si ntered at 420C for 60 m nutes on a hot

mifitdafd kN 2G0°Cbt bAYBIimat NOSRhQIbeiratbi8 thdosinlen@ & 420°C for 60
coating with a thickness of 2000 angstrons on the
mifutls bhad Gotiplatg il ke ndfogen| #mbsphéteatd f@nf al nfiedten adgording to
conposition (C1), the substrate was dried at 80C for
ExamplerBdnut e and at 200C for one mnute. The substrate
was then 10 sintered at 420C for 60 m nutes on a hot
plate in a nitrogen atnosphere. After fornming a
coating with a thickness of 2000 angstronms on the
[Exeanipde 8dt e using the silica insulating filmfornng
corrp05|t| on (B-1), the substrate was dried at 80C for
oneA GYRfila efsilage apdamniasia warfosmad oa anfhiack @B@pn &tager to a
then sintered at. 420C for_60 mnutes on a

thlc\éq?%isfofl i 1909 ewgftf%wnanz AoSER @ri:%%sswa:f?rbﬁéiﬁei; The
elepgental O%%P Amdnicq % fopiesh ¢ G
? t hi Enl (I 000 gstrons in aS%l(.:ll

0B bl ‘h@ﬁ % R B Toe O A e T e on dhe
coffPRT ipulififd, i Emﬁ@@sne?% %’“‘30%? SEReheT] Kifer Gorifing e

' pol%é?l%f‘aé‘?)le fﬁnﬁﬁﬂ‘&%g Eéﬂnﬂ&s‘i@t?h E’A-ei'f s %eoébp'i)gleﬁlm to a thickness of

500 angstroms, the substrate was sintered at 420°C for 60 minuntes 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. 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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coating by sputtering to a thickness of 1000
angstronms. After applying the pol ybenzoxazol e

filmform ng conposition (A- 2)%1t0g01 ngﬁ gbdlﬂgfu@; PpsG

t hi ckness of 500 angstrons, e su tra
sintered at 420C for 60 m nutes on a hot pI ate in a 25
nitrogen atnosphere. After formng a coating with a
t hi ckness of 2000 angstroms on the substrate using
the organic insulating filmform ng conposition (C 2),
LEXR%? strate was dried at 80C for one mnute and at
for one mnute. The substrate was then 56 G
1050 18AS fim1F3BadRaRDohHdmiablas Ofmed binhe Beidciabilidd® Wafer to a
for 60 mnutes on a hot plate in a nitrogen
thickh&R SiTNe0e anditicdis udigr ASegued Bxpadss Aginufactured bihiNekekbsss The
of 2000 angstronms on the substrate using the silica
eleersall adbmpgpition of flee rbatthgc vap @i (S0 anopi9d) ,O tHeatomic%), C (3
substrate was dried at 80C for one mnute and at NOT
atothm% )p e (40 atotrec % ) reandshli 4 tat@ahie %da s At ¢nppes i ewasdstatked on the
420C for 60 5 mnutes on a hot plate in a nitrogen
coaangrdsprseu@emrg ftor m idkapisnaf e1c anghitignst o Afiearagiplying  the
[ Exanpl e 35] A CVD filmof silane and ammoni a was
polyh?nm@z@lﬂ fdm-Brininghcanpasition Webto the eoppanfitogite Rrthickness of
of 1000 angstrons using a Sequel Express manufactured |

500 AngRiERrEs. M}% S“bﬁﬁféte %ﬁ%ﬁéﬁ%@l atc@%&nt 6Q migtes AR achphwlaig in 2
n1tr\é\g%§ agrllngﬂ? 05 at o g%\?@%&lggn%wqt@@ %ﬂ%:@s c?]{ fﬁ{ﬁ%&stmms on
the 353850k mﬁ%tﬁ%}%@?ﬁrﬁﬁﬁéﬂ gr%&@oi‘ra%ab@trate
wasydrielioh 80T £ ofERRE 5 CS B 0r e Yor dhe RGP PTG shhitMd Radtnen
sint%{e@ta? rﬁ?ﬁ)"ét f014r ?6% 119Jtes (';Qr ﬂplt ﬁﬁaté)ﬂl g Hl% 811 %Erﬁoétpﬁel% After

rogen at m)sphere A mng a coat 'ng W

forxﬁiﬂg%k%ﬁﬁ Hithl B cl@lﬂagsst) 95@’ aﬁ%krt rolpfi€ors HRRSdub &t Re 'ﬁ§ﬁlg§ihe silica

or gan c I nsul ati ng m ng conposition

msﬂzﬁﬁngsﬂm'ﬁfrﬁﬁﬁg cBADositibe ciBaf) %ﬁt@frat@n@aﬁﬂﬁéﬂ Qt ESIOQC 6ﬂ)r one
for one minute. The substrate was the

minute and at 200°C for one minute. The substrate was then smtered 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
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sintered at 420C for 60 mnutes on a hot plate in a

ni trogen atnosphere. After 20 formng a coating with a

thi ckness of 500 angstroms on g, ks Ake HEEMAstRSEPsG

silica insulating filmform ng conpositi on‘%@-%, the’

substrate was dried at 80C for one mnute and at NOT

for one mnute. The substrate was then sintered at

1 Lt hot plate in a nitrogen

forrét%ﬁogg%%[eeraggo%ﬂ%%m&ng'a coating with a thickness

of 1800 angstrons on the substrate using the organic

insulating filmformng 25 conposition (C- 1), the
[ExahBRiIgte was dried at 80C for one mnute and at NOT

for oné mnute. The substrate was then sintered at

420/5:téOforBfhdTh Nishde Qithaa Higitkiekabe 1000 angnidnisogehe laminate

at nosphere to forma |l am nate according to Exanple 35.
obt&idedSHOBLARE 1 Bulidg 3he sitiGORS WSisERlEGormingampipesitiéh (B-2), the

CVD filmof silane and amonia was formed on an 8-inch
substidté oan dried er8(0°C far onchiniiuteemsl 20 20AWOHr ang stinwins Thd sipstrate

a Sequel Express manufactured by Nevellus. The 5
wasethensintertd abAR@'S] for $0 winutdseoncohot pligtewasa 8itrogsw atmosphere to

atomc%, 0 (4 atomc%, C (3 atomc%, N (40
forratadmmizgde, acaprding toLxampi 39 . A copper fil mwas stacked

on the coating by sputtering to a thickness of 1000

angstrons. After applying the polybenzoxazole

filmformng conposition (A-2) to the copper filmto a
[Expmpleidfdss of 500 angstrons, the substrate was

ﬁLFéfEérSﬂvr%%r;sﬁé%fi@é APy b 1800 She gt fodlahtinate
i 800 : '

o 3L 11 A RS R R AR A ). e
subtggag%\svgg ﬁh&? EtteSO"&qﬁre&{éﬁﬁﬂm?et %1%(2&?2?% 7 %Pglexﬁhﬁt@.. a’f‘ﬁ’e %\g’strate

r-one mnu e substrate was sinter

: wasgt{hﬁrg' ég-‘%é%(g Flt %\%"gjr R 60SmAteR 104 nb! )?illta\% iinrhhﬁig'(‘)ifgéﬁ Q8§ phere to

formng a coati'hg wt hi ckness

f Sbd xalf gubstrate using the silica 15
for[?ﬁé%ﬂg]taﬁ% fi Imr%tfoor farl&%g conposition (B-1), the

substrate was dried at 80C for one
[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 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
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m nute and at 200C for one mnute. The substrate was
then sintered at 420C for 60 mnutes on a hot plate
in a nitrogen atnosphere. After,f ' : j. i
a thickness of 1800 angstrons(%%gpﬁ%qgﬁg§§$g$%&3§$P§HHRSG
the organic insulating filmformng conposition
(G 2), the substrate was dried at 80C for one mnute
atGRR 780 N ARCadoRlic BN nd H T Wb fic zhhe S&ﬁ%
sin?@red at 426%:¥or 6Oqﬁinut§§50nAh %{gﬁgﬁﬁﬁﬁﬁ&gﬁﬁonthe
coBfiig Bge u&Eﬁﬁ?%%‘%f fhidi@edsObM1B00 AL ARISS. 2GGRE HBYidd the sili
Exag;rp eﬁ)36. [Exanpl e 37] After fg?m' ng a coat ipﬁgnvg)tl?]e stiea

inguldthgC kinegornthg LOBPoIAGRIELPAE (RO oPFer! Al N3 tLthidRess of 4000

obtained in Exanple 17 using the silica hard mask
angittothd, dligRubgiraio Mo gtitd ans°B- 18} ond fifnuts HIkS At ZWOEC W&iSone minute.
dried at 80C for one mnute and at NOT for one m nute.
Thehebstidis twaatthen wiagrddhatnd X°0tfer 60 minutkd Ma £ @6t Hléte in a nitrogen
mnutes on a hot plate in a nitrogen atnosphere to 58
atrEPhet0 PThE-did333rid Rrea ROGSGUSOIEReSE thé oestitmg| lamimed im was 3.5
according to Exanple 37. [Exanple 38] After formng a
M¥6m.ing with a thickness of 1000 angstroms on the
| am nate 5 obtained in Exanple 18 using the silica
har dablgdlikshpivs thef entitinafions ap Bisi filmeferpimgxomypokigions (varnish) used
substrate was dried at 80C for one m nute and at 200C
whep forgpiag ferlaminatepipbtainassin Bxamplesals tor4feanddhe eemparative example
420C for .6 jnutes on a hot plate in a nitrogen
m%ﬁ*ﬁg’é?lﬁ%%gf%l(dm Holiagennd thareuluedr@ingst o Exanpl e
38. 10 [Exanple 39] After formng a coating with a
t hi ckness 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
one mnute and at 200C for one mnute. The substrate
was then sintered at 420C for 60 m nutes on a hot
plate in a nitrogen atnosphere to
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15 forma |lam nate according to Exanple 39. [Exanple

40] After applying the organic hard nmask filmform ng
conmposition (D) to the |amna

18 to a thickness of 1000 angsft}f‘f(())ﬁrr)gb rkﬁq%éuagJF)%Pﬂ[%gRSG
20 dried at 80C for one mnute and at 200C for one

m nute. The substrate was then sintered at 420C for 60
mnutes on a hot plate inrpggmiyrogen at nosphere to

forma lamnate. according to Exanple 40 [ Conparative
EXanl €hw25 A CVBs fifim bfecoginhiame] ARCBMTONI GBS |  worne
formed on an 84incBE silicon™afer 6™  thickness!| stz Mviem
PLEREG alngstiéorrs usi By a Sequel Exjpress manuf act ur ef bygﬁg

[ 1{u A?he el efent al conposifti on of the coatip 1
mé& (Sdsatom c%; 0 (4 a?gm ¢, C (3| 59 G105C)g S8
El;“g%{-"é; F- 1333- JR- 60§18US; EP, SG jatomic%, N (40 &3

Eamm cl%9, sand H (4Batorr c%. A copper filmwas stpackeg
IR el ot i ng byskputtering tg a thickmess of 1p00 sj
’angst rioms A1Af t er appl yi hg the sijlica insulating 8.2

Efmi,pi ormﬁﬁg conposi tioh (2) to the copper filmtop a 52

—Eﬂf—gk—tﬂ%_gﬁqi 4000 B-hngc r nrn: he substrate—was—dki edg;
E . B- . .
’E’ﬁe 0d forrsone | minit e and ads ZOOC for ong minute.|5 s

srhme’subst ridt e was fhen sintgred |at 420C for 60 mi nuteﬁ

Example’ 18

Rile@ Mot phatelin einitfogen —atjmosphere] The
cirefiect ri ¢3breakdofth vol tage of |the resulting |anj natﬁ
Bhopkn WWas 345 MW/ cm Taple 1 shgws the conbinati ons 06f1
SEESfi|l m f2@r mi ng c@hposj tions (Varnish) used when
Efogle 391 g thé | am nages optained iin Exanples | to 40 anggg

E; le 26 . .
Eﬁ ezvccrrparAat ive exarrpl el 10 and|the dielectric 63
A C- H 1 59
};e%kdown Yol t agesZpf the resul ting lanmipates. 60 G (j
xaiﬁs 1QPC k1333 _JR50018US, EP, SG 57
Example 31 A3 - C-1 5.7
Example 32 A-14 C-2 6.0
Example 33 A-l C1 B-1 58
Example 34 A2 C2 B-1 6.0
Example 35 A-l C-1 B-1 c1 6.5
Example 36 A2 c2 B-1 c2 6.2
Example 37 A-l B-1 C-1 B-1 B2 6.4
Example 38 A2 B-1 C2 B-1 B2 6.3
Example 39 A-1 B-1 C-1 B-1 D 6.3
Example 40 A2 B-1 C-2 B-1 D 6.2
Comparative Bl 35
Example )
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TABLE 1 First insulating Second insulating Third
insulating Dielectric @@ Protective |ayer |ayer

| ayer | ayer Hard mask breakdo

Example 1 Al B1 60 Exanpletd ot ofblrEos: %W&i@oomp@*ﬁpsc}
3 A3B16.1 Exanple 4 A-4 B-1 6.1 Exanple 5 A—

B-1 5.8 Exanple 6 A-6 B-1 6.3 Exanple 7 A-7 B-1 5.7

Examy ¢s 31t 8&&1 Iipe- x%suléxa{ﬂ%{s i T%bi% g %h@@ami’ﬁéﬁgpéb‘;ained in
1o A-10 B-1 5.8 Exanple 11 A-11 B-1

sB1 o AP exlﬁﬁﬁé@hedlélgctﬁc @e&d%vﬁl %lta%é 3(5}"% quchn‘f‘ ok*more.
B 6.1 Exanple 15 A-1 B-1 CG1 6.

ThBrdfore; # was Sonfaditha alldmbale &h'lblﬁné- aﬁeﬂceﬁeﬁl dnﬁ&?tﬁ@ b?eakdown
18 A2 B-1 G2 B1 6.1 Exanple 19" A-1 C
redistandel veas26btine. C-(n theSthdotany) e 24midad & tﬁe 6@19parat1ve example
exhibited a dielectric breakdown voltage of less than 4 MV/cm. Therefore, it was
confirmed that an excellent insnlating layer was not formed. As described above,
since the laminate according to the invention includes the wiring layer including copper
and the protective layer formed of the polybenzoxazole resin layer between the wiring
layer and the insulating layer which covers the wiring layer, diffusion of copper into the

insulating layer is reduced, whereby the laminate can be suitably used as an insulating

layer for semiconductor devices.
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Exanple 22 A-4 C2 6.1 Exanple 23 A-S CG1 5.9
Exanple 24 A-6 C2 6.2 Example 25 A-7 C1 5.8

Exanple 26 A-8 C-2 5.8 Exanpl OG- :
Exanpl 6 28 A 10 C.2 5.9 Exansl SO0 T Tog8 P16 18US RS
Exanple 30 A-12 G2 5.7 Exanple 31 A-13 CG1 5.7
Example 32 A-14 G2 6.0 Exanple 33 A-1 C1 B-1 5.8
Example 34 A-2 C2 B-1 6¢cparfpanmple 35 A-1 C1 B-1 C1
6.5 Exanple 36 A-2 G2 B-1 G2 6.2 Exanple 37 A1
B-1 C1B1 B26.4 Exanple 38 A-2 B-1 C2 B-1 B-2 63
Example 39 A-i B-1 G| B-1 D 6.3 Exanple 40 A-2 B-1
1. C 2A Bndindde Goy ﬁﬁﬁ%par ative B-1 3.5 Exanple 61 G
105010PC F- 1353_J - 60018US, EP, SG As is clear from
t hex dopped WHinghawwn provideldwer 3 seflvendiatdriayed sind hhaingadpecific
in Exanples 1 to 40 exhibited a dielectric breakdown
patterat t age of 4 MW/ cm or nore.
a protective layer formed of a polybenzoxazole resin layer provided on the
copper wiring layer; and

an insulating layer provided on the protective layer.

2. The laminate according to claim 1, wherein the insulating layer is a silica film or

an organic film. _

3. The laminate according to claim 1, wherein the insulating layer includes a

plurality of layers of different materials stacked in layers.

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

film and an organic film stacked in layers.

5. 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.

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

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

7. The laminate according to any of claims 1 to 6, further comprising a hard mask

layer provided on the insulating layer.

63




10

Therefore, it was confirnmed that a | am nate exhibiting
an excellent dielectric breakdown resistance was
obt ai ned. On the other hand, i ofp.
conparative exanple 5 exhibitde@%gi ié?ggﬁﬁfégggggy-ga%SG
voltage of less than 4 M/ cm Therefore, it was
confirmed that an excellent insulating |ayer was not

8. | OfflPthmifie (ﬁﬁécﬁ‘ﬁin@ecg Y Dfolain®! NEFL7L @vﬁcﬂeﬁmh.réeﬁiﬁjlrbenzoxazole
according to the rnvention 1 ncludes the wring 1ayer

resin! ey Y9 R Bhed BPR8Esin BAENG B SepRhG Lerit ¥ethk SfIwihg gbRMaldMbrmula
t he pol ybenzoxazole resin | ayer between the wWring

D, | ayer and the insulating |ayer which covers the wiring
| ayer, diffusion of copper into the 10 insul ating
| ayer is reduced, whereby the |am nate can be suitably
used as an insulating |ayer for sem conductor
devi ces. 62 G 105010PC F-1333_JR-60018US, EP, SG
CLAI MB 1. éﬁkapﬂgate conprising: a copper wring |ayer
provi de erXa semvgonductor layer and having a
specific \ 5%at®ern; /g protective layer fornmed of a
pol ybenzoxazol e resin | ayer provided on the copper(n
wiring layer; and an insulating | ayer provided on the
protective layer. 10 2. The |am nate according to
claim1, wherein the insulating layer is _a silica film

whergin X agprescatarit deast pra group Felectpd %ﬁoﬁhg@uﬁ% ebigifplovige formula
claim1, wherein the insulating | ayer _incl|ydes

(2), Yremrenisyat dfast ageewRup pelgrted GoBhercihs of i tollcHRedommia .
| ayers. 15 4. TEQ | am according to claim 3,

and 1jeRrESeTS PHINIGERE Pﬁ‘tf‘ﬁ’gﬁ= er includes a silica film

and an organic filmstacked in |ayers.

ooy
_
Ebonc@oncionios

oo O O o

(2)
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5. The lam nate according to claim3, wherein the
insulating layer includes a first 20 organic film a
silica film and a second org

order. 6. The | am nate accord?ﬂbg?ﬂﬂk?gﬁﬁgij%aﬂg?g?gQEPSG
the insulating |l ayer includes a first silica film an
organic film and a second silica filmstacked in that
order. 25 7. The Iarri nate according to any of clains 1

to 6, further cogprising mask | ayer provided
on the injsul ptin I yel. | 63]

105010PC_F~1333_JR& 18 # SG 8. The | am nate
according to any of claims 1 to 7, wherein the

pol ybenzoxazol e resin Iayer is forp 6 esin

havi ng epe ng u '- fol lg jene
formulaf ( )[ “5(1) _wher e
represen east 0 roup”sel ectied \f rjo

t he follomnng fornmul a (2) Y repres\ { Feast one

gr oup segecteofron1g\ s of.the follow ng formula

(3) Ji esentfs er from1 to 10,000, 10
I 64

1333 JR—60018US EP SG (/\ I\ (~X

Xl represents a grou el ected from f the
foIIomﬁn?if?rﬁ?tﬁ[ffﬁ,fijlijj :;\
‘ ’ O O
SN ST

@)

- wherein X, represents a group selected from groups of the following formula (4),
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65 GL050 | OPC-F- 1333-JR-60018US, EP, SG CF3 CH3 -soZ

-0 -G -i CR3 CH3 /O-i O 6 6 (4) provided that a
hydrogen atom on the benzene rdngopdpd He1850HP8oRRUSEP SG
formulas (2), (3), and (4) nay be replaced with a
crosslinking group, or may be replaced with at |east

one 5 organic group which is selected fromaliphatic

groups and t i BgLopps have a
crossli nW@Tgup ell a e according to claim
8, wherein the pol yfen Bxazole Tesin | ayer is forned

of a resin having, as Y in the repeating unit of the

general f Ay la (A1), at,_Least Q, one group sel ected
fromthe gro of -thedfornul a (3)°i u@ a hydrogen
atomon t b ne ri /is repl ated Wb an et hynyl

group or a phenyl ethynyl group. 10. The | am nate
according to claim8 or 9, wher@ n the pdfybenzoxazol e
resin | ayer —86- GLO50—bEPC- F- ~1333- JR- 604I8US, EP, SG
is fornmed of a resin having at Feast one “Group

sel ected fromgroups of the followwng formula (5) or
(6) as Yin the repeating unit of the general fornula
\gJ-\CCH \ O d | CCH// CCH/

- CH o == —\ 0
\_/ \_/

(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 Jeast one
organic group which is selected from aliphatic groups and aromatic groups and may

have a crosslinking group.

The laminate according to claim 8, 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.

10. . The laminate according to claim 8 or 9, wherein the polybenzoxazole resin layer
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CGCG(~\GCH CGCH\N I/ I \CGCH'\CCH C=CH (5 5
67 GLO5010PC F-1333_JR-60018US, EP, SG \C=c\| oc=bc=b
X, | /1 11\ 1KC= b ~c-c /[ (:5“1%5610\13'0 Flissd f-6do1se8%R G
c=c c=c \ ~, c-c\ c-c b O (6 11. The [am nate
according to any of clains 2 to 10, wherein the
organic filmhas a relative dielectric constant of 3
is f9¥mddesBa r&inl Bavidd 8t 1850 Hit ﬁoﬁ? Gelette Frdn® g s Qff thé F61Bwing
2 to 11, wherein the organic filmis a il mformed of
forratla (SRS EPREY TRk FepelifiMtof the geReAlbenagxpzol e,
pol yaryl ene, polyarylene ether, polyimde, and
pol yi m de. 68 G 105010PC_F-1333_JR-60018US, EP, SG

g PR YA
I QI

C==CH c=cH C==CH

P S 74 PS NIV,

O
| (&)
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13. The lam nate according to any of clainms 2 to 12,
wherein the silica filmis a film produced by heating

a hydrol yS| s-condensati on pr od@%5ﬁ%élﬁqg3§}m_60 18US.EP.SG
hydrol yzi ng and condensing at [éast one corr‘poung T

sel ected fromthe group consisting of conmpounds of 5
the fol | ow ng general formulas (7) to (10), HSI (OR )3

(7) wherei ) ¥ noval ent organic group,
10 RaSi ( \{e@er ei n| epresents a fluorine

at om or @va gEA\M roup, R2 represents a
nonoval ent or gani c grp - represents an integer
of 1 or 2, 1 @ ‘9) ein R3 represents a
nonoval ent organic g .o 20

Rob(R50) 3-bSi - (R8) d-Si (OR)3-cR ¢ (10) vvhereln R4 to R7

i ndi vi Eepres ent groups, b
andclndvdully @Fes i nt othc&ct 0 2, R8
represe &zn oxygen pheny : up, A% a
group -(dC (wherein n rese g ege om 1
to 6), and epr esents > @ | a ate
accordi ng tovany of clai 2 to 13, wherein the hard
ma ) S udi ng at | east one of a
si@a@and z aE|c|f|Im 69 it G

105010PC GL3L33 - 60 ,cEE’ SG . m conduct or

devi ce conpri_g gavvlrlng
insulating |3 ofthela
clainms 1 to 1&-usi ng a dual

N SN N
T

(6)

11.  The laminate according to any of claims 2 to 10, wherein the organic film has a

relative dielectric constant of 3 or less.

12.  The laminate according to any of claims 2 to 11, wherein the organic film is a

 film formed of at least one resin selected from polybenzoxazole, polyarylene,

polyarylene ether, polyimide, and polyamide.
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(G105010PC_F-1333_JR-60018US EP,SG

13.  The laminate according to any of claims 2 to 12, wherein the silica film is a film
produced by heating 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),
HSi(OR')3 @)

wherein R? represents a monovalent organic group,
R,Si(OR%)4.2 ®

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(OR4 ©)
wherein R? represents a monovalent organic group,

R*%(R0)3.8i-(R¥)¢-Si(OR%)3 R, (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 -(CH,),- (wherein n represents an integer from 1 to 6), and d represents 0 or 1.

14.  The laminate according to any of claims 2 to 13, wherein the hard mask layer is

a layer including at least one of a silica film and an organic film.
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15. A semiconductor device comprising a wiring layer formed in the insulating layer

of the laminate according to any of claims 1 to 14 using a dual damascene method.
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